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@ High speed steels hardened in SC Gas Fired High 
Speed Muffle Type Atmosphere furnaces are clea: free 
from scale and distortion, and of uniform hardness. 
On work involving forming tools and dies, and other 
tools having knife edges which are made to size before 
treatment and which cannot be machined after quench- 
ing, the advantages of such production equipment 
are apparent. Used in connection with SC atmosphere 
preheating furnaces of similar design and capacity, 
highest efficiency is assured. 


In the complete line of SC Standard Rated Furnaces 
of large and small oven types, oil and pot hardening, 
high and low temperature, for any heat treating or 
melting operation, you can depend upon SC Engineers 
for a size and type of furnace exactly suited to require- 
ments. Inquire about any type in which you are inter- 
ested and facts will be sent you promptly. The SC 
hardening furnace shown below is used for hardening 
the cutting tools used in coal mine cutters, and for 
tools used in the severe service of ore mining. 


SURFACE COMBUSTION CORPORATION, TOLEDO, 0. 
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| Surface Combustion 


Toledo, Ohio » Sales and Engineering Service in Principal Cities 


| Builders of HARDENING, DRAWING, NORMALIZING, ANNEALING FURNACES 
FOR CONTINUOUS OR BATCH OPERATION » » » ATMOSPHERE FURNACES, 
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Cover 
From needles to big bridges, rust eventually ruins all common steel, unle 
t is continually protected from the elements. Sometimes painting is ted 
and even hazerdous 


Ford methods pay little attention to tradition nena they fill, econorn 
cally i needs of the moment. The well-known metallurgists, McCarr 


and McCloud show how inexpensive alloy iron - steel castings some 
time: ‘oer treated, are satisfactorily withstanding severe service 

A note by Curtis C. Snyder calling attention to the fact thet easy heat 
transfer through a metal wall depends on more factors than a low coefficient 
in the metal 


Charles Morris Johnson, veteran chemist and metallurgist, pioneer investiga 
or of fire resistant steels, to whom all analysts of special! steels and all 
ere indebted for invaluable laboratory method: 


Aluminum Co. of America was one of i first “industri al organizations tc 
use X-Rays for verifying the internal soundness of castings and forgings. Kent 
R. Van Horn of the Cleveland sta# outlines such metallurgical aspects of 
radiography 


Sometimes floor space is at a premium, so why not turn up a long heat treat 

ing furnace so it goes out through the roof? F. E. Harris shows how Buick 
Motor Co. has done just this at several locations in the Flint plant. Trouble 
with conveying and handling equipment limit the size of such furnaces for 
high heating operations 


The first of a series of data sheets showing how the enahins and other 
constituents of cast iron are modified by such elements as nickel, chromium 
and molybdenum. Micros by M. F. Surls and F. G. Sefing at Michigan State 
College 


Outlines a most important and extensive series of tests at Bureau of S Standard 
showing how an end loop in a wire stay may break in early fatigue if the 
tension fluctuates enough to cause the loop to change its curvature 


The editor points out that a load causing slow creep plus slight variations 
in this creeping load may even be more damaging to wire heat treated for 
high strength 


Reinhold Schempp outlines the routine tests, other than chemical analy: 
of raw material and finished steel, that enables the modern stee! master to 
produce carbon tool steels with definite hardenability characteristics and 
inherent toughness 


American manufacturers are continually remarkable body of 
literature containing engineering and technical information about their 
products— it is yours for the asking 


MOVEMENTS OF MEN. .. 76 and 78 


Scan these pages to see whether any of your friends has recently hed a 
promotion or got 4 new joo 


Don't overlook these well displayed pages in the front and back of the 
book—they undoubtedly have at !east one valuable idea for you 
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A Series of Advertisements based on Timken Methods 


| 
| 


No. 2 


Ceramics—in the form of refractory 
materials—play an important part in 
modern alloy steel manufacture. The 
nature and quality of the materials 
used for lining furnaces, ladles and 
metal hot tops have definite influence 
on both the quality of the steel and 
the cost of production. 


Recognition of the importance of 
refractories is seen in the Timken 
Ceramic Research and Testing Lab- 
oratory, two views of which are shown. 


In this laboratory an organized system 

of research is carried on with the 
object of improving refractory ma- 
terials. Incidentally, all plastic re- 
fractories used in the Timken steel 
plant are produced here. 


Testing refractories is another valu- 
able function of the laboratory. All s 
refractory material purchased from 
outside sources is subjected to search- f 
ing tests before being passed for use 
—and the required standard is high. 


In equipment, organization and the 
experience of its executive person- 


nel, the Timken Ceramic Laboratory t] 
} “Si occupies a unique position in the 
steel industry. h 
n 
I | THE TIMKEN STEEL & TUBE COMPANY, CANTON, OHIO c 
fie | District Offices or Representation in the following cities: Detroit Chicago New York Los Angeles Boston 
, Philadelphia Houston Buffalo Rochester Syracuse Tulsa Cleveland Erie Dallas Kansas City lk 
St. Louis Cincinnati Huntington Pittsburgh Minneapolis World's Largest Producer of Electric Furnace Stee! 
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Ford Alloy Castings 


copper used 


extensively 


NEEREST in the new cast alloy steels and 

irons, utilized in Ford cars in place of forged 

parts, is evidenced by several articles in 
American publications since they entered produc- 
tion. The U.S. patent office has allowed us a 
number of patents on compositions and products, 
which shows that the examiners consider them 
new and useful, 

The natural primary questions to be an- 
swered are, “What, why and how are these alloy 
lerrous castings made?” Let us then consider, 
first, “What?” 

In the alloy cast irons, so-called, we have 
three types, (a) nickel-chromium, (b) copper. 
ind (¢) a copper-chromium iron. They con- 
lain approximately 3.25’. carbon and may 
therefore be reasonably classed as cast irons. 

In the alloy cast steels, so-called, we also 
have four types, (a) copper, (b) copper-molybde- 
hum, (¢) copper-chromium, and (d) tungsten- 
chromium-copper. These have substantially 
lower carbon contents than the cast irons, as will 
be shown below. 

The answer to the next question “Why are 
alloved ferrous castings made?” is that they im- 
prove quality and secondarily lower cost. The 
quality improvements are to increase strength 
‘or the same weight of metal, achieved by better 


By R.H. McCarroll 
and J. L. McCloud 
Ford Motor Co. 


Dearborn, Nich. 


distribution, and this in turn makes it easier to 
balance such parts with consequent lowered vi- 
bration. Then, too, improved wear resistance is 
obtained. Lowered weight is particularly im- 
portant in reciprocating parts and in parts that 
are components of the unsprung weight. De- 
creased cost may come from lowering the cost 
of production of the rough part, by having less 
metal to remove in machining and by allowing 
less expensive machining methods. 

As to the “How?” the answer is diflicult to 
give in a few words, and is best left for the de- 
tailed notes now to be given. 

First in order of these cast irons is the nickel- 
chromium type. This is made by adding alloy 
to what we term “D” iron, a medium carbon iron 
of 3.15 to 840° carbon. This alloy is used for 
brake drums whose principal requirement. is 
hardness (as measured by the Brinell test) as- 
sociated with definite microstructure, and whose 
secondary requirement is machinability. The 
melt used contains 15‘. steel scrap; the addition 
is 0.15 to 0.35°) chromium, which is the hardener, 
and 0.15 to 0.35°7 nickel, which makes these iron 
castings machinable. 
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(We might note here that “machinability” is 
such a relative term that it is often misunder- 
stood. Probably each machine shop has a dif- 
ferent definition of the term, and each in turn is 
influenced by the demands of the engineering 
department, the metallurgical department, and 
for quality of performance 
In general, the Ford 


the management 
of the part machined. 
Motor Co, policy is to demand a high level of 
hardness, even at the expense of higher machin- 
ing costs.) 

These brake drums of nickel-chromium cast 
iron perform well and are used, bolted to cast 
Life of brake band lin- 


ings is satisfactory; ample experience shows that 


hubs, in passenger cars. 


the drums resist scoring, and most important, 
when properly designed they do not require 
a high pedal pressure nor do they “fade 
out.” These are the major factors to. con- 
sider in a brake design, at least from the ma- 
terial viewpoint, but since brakes are such a 
big subject, they will not be further discussed 
in this article. 

The second class of alloy cast irons contains 
copper. In this class we have three distinct va- 
ricties, two with the same copper content of 
0.50 to 0.75'.. The first is for cylinder blocks, 
called by us “A” 
20°) steel scrap in the melt, carbon is from 3.15 
to 340°, and the silicon is 1.80 to 2.107. For 
evlinder blocks it is generally recognized that the 
hardness in the bore must be maintained high 


iron. For this we have 15 to 


enough to resist wear of piston rings, and we find 
that copper additions make such iron more 
machinable. The graphite also has a more finely 
divided character, as shown in the micro below; 
copper has what may be described as a stabiliz- 
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Finely Divided Graphite in V-8 Cylinder Block 
Tron, Unetched; 100 X. Analysis 3.15 to 3.40% 
carbon, 1.80 to 2.10°° silicon, 0.50 to 0.75% copper 


ing effect on the graphitization of carbo; This 
is evident in a diminished chilling effect oy thip. 
ner sections adjacent to more massive ones. and 
a general tightening of the structure in these 
heavier sections. 

As a definite example, copper aids in making 
sounder castings around valve ports without Ate 
great hardness in the bore sections. If we 
achieved this by lowering the carbon we would 
approach a tendency to cracks; to achieye 
this, on the other hand, by increased silicon 
is to induce too much “openness” or porosity, 
We find copper even more satisfactory than 
nickel for these effects, and at less cost. 

In iron for flywheels the copper addition js 
as above (0.50 to 0.75°7) and is essentially for the 
purpose of improving machinability with, in- 
cidentally, increased strength. A lower amount 
of steel scrap is charged (5 to 10°.) and highe: 
carbon is obtained, 3.30 to 3.605 , manganese is 
1.00 to 1.25%, but a lower silicon of 1.40 to 1.80 
is used. In a flywheel the sections are so great 
that some element must be introduced to “clos: 
the grain.” As already pointed out, copper a 
complishes this better than a low silicon conten! 
since the copper does it without sacrificing any 
machinability. 

For push rods we have quite another variety 
of the copper alloy iron. This is a chill casting 
made in permanent molds with sand cores, and 
has only 0.30 to 0.65 silicon with 0.15 to 0.50 
manganese and 3.60 to 3.90% carbon. The cop- 
per addition is 0.75 to 1.00°,. The action of tlh 
copper in such a composition is interesting, sinc 
it adds strength to the castings even in the hard 
condition. From the photograph alongside 1 
can be readily appreciated that this push rod has 
quite changed in its outward appearance from tlh 
one in other designs of gas engines. 


These are heat treated to remove cast- 
ing strains, but not heated hot enough or long 
enough to make the iron gray. In other words. 
the carbon content is retained in the combined 
state, and this white iron is what gives th 
wear resistance. The copper functions by gh 
ing the matrix the necessary toughness to co! 
brittleness of the hig! 


teract the inherent 
content of undecomposed iron 
cementite. 

The push rod produced in this way det! 


carbide 


It 


lowers the reciprocating weight, since 
only hollow but also has cast-in windows 
windows are produced in an interesting 
since they are formed by projections on 
molds “kissing” against the cylindrica! 
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lhis also eliminates 
inv roughness on the 
outside of the rod 
which would have to 
be removed. note- 
worthy point in the de- 
sign of these windows 
s their angularity to the axis of the rod which 
makes centerless grinding a smooth, accurate 
operation. In fact, the only finish is grinding the 
utside in a centerless machine and grinding the 
“rod” to length. 

lhe camshaft is also essentially a copper- 
iromium alloved iron of the third type men- 
tioned at the outset. This has a carbon content 
to 3.65°>, manganese 0.15 to 0.3557, silicon 
W45 to O.55¢ high copper (2.50 to 3.005.) and 
may have up to 0.25°, chromium. Here we have 
‘controlled chill casting, produced without ex- 
‘ernal chills or mold chills, and the desired con- 
“Hon is obtained without any heat treatment 
latsoever. Photographs on page 36 show the 
of a cam section and its microstructure. 
bv the words “controlled chill” just used we 


mean that while the casting is largely gray the cam 
tips are white for a specified distance. This control 
is exercised first at the cupola by examining test bars 
cast in dry sand, 1!, in. round by 6 in, long. Every 
ladle of iron is sampled in this way and grain of the 
test-bar fracture noted. Periodically cam castings 
are broken to determine the chill depth; this must 
be held within ', in. The chromium addition is 
dictated by the fracture tests, and may be up to the 
0.25 noted above, chromium tending to make the 
iron whiter. A swing in the opposite direction may 
likewise be controlled by additions of powdered 


ferrosilicon, also in the ladle. 


Ford Engine Push Rod, Its Struc a 


inalysis 3.60 to 3.90 carbon, : é 

N.30 to O65 silicon, 0.10 to As wo AN 

Micro etched with 5% nital; 100X. WM 


The use of copper lessens Ww 
fact it is quite common for the 


foundry to operate day after 
day without additions of 
either of the alloys ferro-chromium or ferro- 
silicon in the ladle. This we believe is due to this 
stabilizing aciion of high copper. It should be 


recognized that camshafts must be very stiff or 
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rigid so as not to bend Iron for Cylinder Blocks Is a Mix- 
a measurable amount in ture of Blast Furnace ‘Pig and Cu 
That bei pola Iron Containing Copper. This 
F | Service. lat being the is stored in a 400-ton mixer, reheat- 
principal requirement, ed as desired in a 15-ton electric 
f these camshafts of al- furnace (left), transferred to an air 
furnace (right) acting as a reservoir 
loved cast iron are giv- , 
i, . for the automatic pouring machine 
ing excellent service; shown on page 38 serving an ad- 
there is no measurable jacent’ conveyor line of molds 
wear on either the shaft 
or push rod. (Incidentally, we have white iron running 
or rubbing on white iron in the assembly of camshaft 
and push rod, the difference in structure being prin- 
cipally in the size of the dendrite pattern.) Here too 
we have eliminated all rough machining, as the cams 
are cast to width; in effect the ordinary rough machin- 
ing operations are “cast in.” Nearly all the necessary 
N machining is confined to rough grinding and finish grind- 
1 ing of the cams and bearings. 
Answering the question “How are these alloy cast 
irons made?” let us consider first the nickel-chromium 
tvpe for brake drums. These are made in a green sand 
mold and the melt is in a cupola. The alloy additions 
are all made in the cupola in the form of rustless steel 
scrap. However, one supplier is making this type of 
i! iron in a Brackelsburg furnace. This is a barrel or kiln- 
in shaped furnace fired with pulverized coal. The furnace 
rotates continuously; it is end fired and has a capacity 


| of 8 tons of metal. 
The copper iron used in the evlinder block is cast i: 


green sand molds with a multitude of cores. The cor 
making and assembly is a story in itself, there being ! 
of them in each mold. The melt is a combination of « 

pola metal and hot metal from the adjacent blast furnace, 
the copper entering through the cupola charge. This mis 
is held in a 100-ton mixer at comparatively low tempera 
ture (about 25007 F.) and thy 
analysis is adjusted her 


necessary. The metal ts 


tons at a time, and trans 
ferred to an electric furna 
for reheating to prop 
pouring temperature \s 
shown in the views abov 

is then transferred to an al 


acts as 


furnace which really 


a reservoir for the automa! 
pouring car shown on pas 
38. Temperatures are 
ularly measured with oP 


tical pyrometers for care! 


! Fracture of Cast Iron Cam Section 
| (Partly Sawed Through at Right) 
and Microstructure of the Alloy at 
100 X, Etched With 5° Nital. Anal- 


; ' ysis is 3.30 to 3.65% carbon, 0.15 to control. 
0.359 manganese, 0.45 to 0.55. sil- 
icon, 2.50 to 3.00% copper and he flywheel ts | 
chromium up to 0.25. Slightly sand casting of strats cu 


more rapid solidification at pointed pola metal, all analysis 


lips gives necessary amount of chill 
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metal with satisfactory 
strength combined with 
higher ductility than 
that found in ordinary east 
malleableized iron cast- 
ings (although the Ford ieee 
malleable iron analysis 
with special heat treat- 
ments is an exception to 
this rule). The silicon 
contributes in part. to 
the necessary fluidity 4 
and freedom from cast- 


ing shrinks. It also 


helps to hold the copper 


in solution and copper 
furnishes the balance of 
the required fluidity and 
soundness. 

Subsequent heat 
treatment of these low 


carbon copper — steels 


consists of the ordinary 


straight anneals. Parts 


are also made that re- j ip 
quire carburizing, hard- he 
trol being in the original charge for the cupola. ening in an oil quench and drawing to relieve . a 
lhe push rod is a permanent mold casting strain. The hardness of these carburized parts Sent 
(see the group of photos on page 35). Molds are meets our regular practice, Rockwell C-58 to 60, . cae 
made of gray iron; the center is cored with dry The rear axle housing for the Ford truck % 
sand. The rods are annealed at 16507 F., cooled may be cited as a typical example of a second . 
in the furnace extension at a definite rate. The variety of cast copper steel. This is a medium : 
lurnace iiself has a controlled atmosphere for carbon type, having a carbon of 0.90 to 0.605, , 
so-called bright annealing. The melting is done manganese 0.10 to 0.606, silicon 0.60 to O80", hoot. 
ina small cupola, the copper being part of the and with copper of 1.50 to 2.00%. The general , 
charge. The cupola is tapped into a holding ladle requirements that may be cited are not particu- : 
which is actually a small oil fired furnace from larly different from those mentioned immediately . 
which the metal is drawn off into 50-ib. hand above, but in these housings we have much i § 
ladles for pouring into the molds. greater sections and weights, in which we wish Bie ss 
Camshafts are made in green sand molds. to have as high elasticity as possible without sac- ee ; 
lhe melt is in a cupola, the copper again enter- rifice of the resistance to shock (ductility). These ae 
ing at that point; other possible chemical adjust- housings are annealed with a controlled rate of 
ents are made in the ladle as described above. cooling, first in the furnace and afterwards in 
Uptical pyrometric measurement controls the air. The hardness obtained is 170 to 180 Brinell. 
‘emperatures, This housing is an example of the economica! Pele 
vdvantage of a steel casting, since the metal may “as j 4 
Alloy Steel Caslings be properly distributed in it to meet the design Ye 
requirements. Each half was formerly a welded e 
Of the four types of alloy steel castings, first assembly of a steel tube with malleableized iron Bere 3c 
order is the low carbon, copper alloy (carbon bell and steel forgings. Actually the casting 
to 0.355, manganese 0.10 to 0.60, silicon weighs less than the former assembly and is 
to and copper 1.50 to 2.00%). Clutch equal rigidity or stiffness. The savings 4 
pedals are typical parts made of this analysis, the achieved are due to reduced machining costs : wae 
seheral requirements being satisfactory strength, with less metal to remove and the elimination of as 
“uehity, and machinability. Here we have a the welding formerly required. 
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The second type of alloy steel goes into the 
higher carbon range (carbon 140 to 1.60%, 
manganese 0.70 to 0.90°,, silicon 0.90 to 1.106, 
copper 1500 to 2.00%, and molybdenum 0.10 to 
.20',). A typical part is the brake drum, of 
unusual design, shown on the opposite page. The 
wheel hub is cast integrally with the drum sur- 
face and the rest of the wheel is bolted to the 
hub at the drum circle. For this reason it is 
necessary to have a high strength casting, es- 
pecially in the rear hubs where the drive is 
through a key, cut in a tapered hole. 

In order to get a mental picture of this new 
tvpe of wheel assembly, consider that the former 
practice was to use a steel forging for the hub 
with a gray iron ring for the braking surface. 
The loads that this new alloy steel casting has 
to withstand, acting as combination hub, wheel 
center and brake drum, come from all directions 
and are not only static but dynamic as well. 

The problem of strength is further complicat- 
ed by the requirements of a good braking sur- 
face. Requirements for brake surfaces have been 
referred to above in the discussion of alloy cast 
irons, and to these are now added those for a hub 
and wheel. We say “wheel,” since in service 
these steel castings virtually back up and _ be- 
come part of the wheel. 


The heat treatment consists of a , efully 
controlled and prescribed furnace cooling 4, 
order that the structure is not completely broke 
up to the iron and graphite stage. It should 4, 
lamellar pearlite with only small nodules of 
graphite, a combination giving an excellent brat. 
ing surface. It might be thought that either 4), 
alloy iron described at the outset of this artic) 
or the copper-molybdenum alloy steel would he. 
come the single standard; as a matter of fact. thy 
use of both designs has been due to the necessity 
of distributing the production to the capacity of 
available foundries. 

Available foundry capacity also affects th 
tvpe of furnace used for melting these steel cast. 
ings. Either the acid electric furnace or Brackels. 
burg is satisfactory. The alloy is added with thy 
cold scrap charge, unless otherwise noted. Pouyr- 
ing temperatures are accurately and continuous. 
ly controlled with optical pyrometers. 

In the steel hub castings made to be used 
with the alloy iron drums, the composition is 
modified from that given immediately above | 
eliminating the molybdenum and reducing thy 
manganese to the range O40 to 0.605). This is 
due to the fact that we can allow the formatio) 
of free ferrite in such castings, no part of whic! 
acts as a brake drum. 


Tron From an Air Furnace at Left Runs Continuously Into Trough of Casting Car; This Has an Overfl 
at Rear Which Is Spotted Over Pouring Basin on a Passing Mold (On Conveyor Line Hidden Behind Cast 
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Just as indicated before, 
the combined hub, drum and 
wheel center is a case where 
increased strength is secured 
together with a lower weight, 
unsprung weight. Too much 
emphasis cannot be given to 
this. The reason is that in cast- 
ings metal can be placed 
where it is wanted; we are not 
limited by requirements of 
draft in the forging dies, and 
may have ribs where we want 
them. With intricate dies this might also be true 
lor some forgings, but the casting in general does 
hot present so many manufacturing difficulties. 
When metallurgists found alloys that could be 
successfully cast and later machined, and would 
have the required strength, they were used. In 
these alloys being described we find that we have 
succeeded. 

As proof of this success in meeting the 
strength requirements, the brake drum hub cast- 
ing with a wheel mounted on it is being regularly 
run in a rotating fatigue test. The set-up is in a 
heavy boring machine which allows the assembly 
to be radially loaded while the wheel is rotating 
on the table. A life of 100,000 revolutions was 
the usual run at test conditions with forged steel 
hubs and cast iron drums. The new and lighter 
cast alloy steel hub and drum give equally good 
life. Years of practical service have confirmed 
this. We have also always considered impact 
Strength of utmost importance in wheel and hub 


assemblies and such routine tests are made. Cast 
alloy steel hubs are equally as good as forged 
ones; tests below zero as well as at room tem- 
perature prove this. 

The next alloy steel casting to be considered 
is, in chronological sequence, the first alloy type 
we developed — specifically the crankshaft steel. 
The analysis is carbon 1.35 to 1.60°., manganese 
0.60 to silicon ORD to 1.105), chromium 
0.40 to 0.50°,, and copper 1.50 to 2.00%. 
been well described in an article by E. F. Cone in 
Metals and Alloys last October. 

The reasons for the 


This has 


copper addition are mani- 
fold. First, it increases the 
fluidity of the metal and de- 
creases shrinkage; in addi- 
tion it plays an important 
role in reducing the time of 
annealing. The crankshaft 
is, of course, a complicated 


piece; warpage the 


Saving in Unsprung Weight With 
No Loss in Endurance and Tough 
ness Ils Achieved by Making Wheel 
Hub, Center and Brake Drum in 
One Alloy Steel Casting, Heat 
Treated to Full Pearlitic Micro 
structure, Analysis: 1.40 to 1.60 

carbon, 0.70 to 0.906 manganese, 
0.90 to 1.10%: silicon, 1.50 to 2.00 

copper, 0.10 to 0.200 molybde 
num, Photomicrograph is at 1000 
diameters, etched with 5° nital 


main difliculty to overcome at the start, and even 
now must be carefully watched and guarded 
against. This warpage problem is encountered 
in both foundry and heat treatment departments. 
Copper does affect foundry warpage but is of ul- 
most assistance in reducing the annealing cycle 
and hence warpage during heat treatment. The 
maximum amount of copper useful for this pur- 
pose is about 3',, but above 2°, the physical 
properties of the shaft would fall off, probably 
due to the presence of free copper, 

Silicon, on the other hand, controls the cop- 
per solubility and (along with the copper and 
carbon) the fluidity and casting properties. About 
half as much silicon as copper is required in order 
to cast shafts satisfactorily of the carbon range 
given above. Copper may also affect the forma 
tion of primary graphite and by this action in- 
directly reduce foundry warpage. The chromium 
addition is for improving the wearing properties, 
and is limited by machinability considerations; 
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furthermore high chromium steel castings of this 
carbon range are very difficult to anneal. The 
chromium content chosen gives, after the heat 
treatment applied, thin lines of cementite form- 
ing a network around a spheroidized pearlite 
matrix. The chromium carbides uniformly dis- 
tributed throughout the matrix offer hard par- 
ticles that resist wear. 

Crankshafts of this composition are heat 
treated in gas fired furnaces as follows: Heat to 
1650) FB. hold for 20 min., air quench to a min- 
imum of 12007 F., reheat to 1400) F. and hold 1 
hr, cool in furnace to 1000) F. in another hour. 

The alloy for casting is melted in four 15-ton 
electric furnaces according to the latest approved 
practice. The charge is made of approximately 
D0, return shop scrap (gates and risers) and 
50° steel scrap. Molding practice is unique, in 
that four shafts are cast simultaneously in a mul- 


tiple mold made of a stack of slab-like cores. 


An impact test has been devised where shaft 
must withstand a 50-lb. weight falling 40 jp. 


the flange at the center bearing while supported 
on the two end bearings. 

Considerable savings in cost of productic) 
resulted from the adoption of the new alloy fo, 
crankshafts, and their actual use has been yer 
successful. The new cast shaft when finished 
weighs about 10° less than the forged shaft. 
The forged shaft weighed approximately 83 J} 
in the rough and 66 Ib. after machining: th, 
cast shaft weighs 69 Ib. before machining and 
60 Ib. finished. Thus the amount of metal re- 
moved from the forging was 17 Ib. as against 
only 9 Ib. for the casting —a decided saving jy 
itself. Since September 1933 over 2,000,000 cast 
shafts have been produced and assembled. 

This is again an example of economy in cd 
sign in the use of cast metal instead of forgings 
In cither case it is a single piece, but the ability 


Structure of Crankshaft as Cast (100 NX) and After Heat Treatment (1000 X),) Etched with 5 nital. Composition 
to 1.605 carbon, 0.60 to manganese, OSS to 1.10%, 


Representative physical properties of the al- 
lov in the cast crankshaft are as follows: 

In transverse test bars, 1 in. square on 12-in. 
centers, the breaking load is 94150 Ib. and the de- 
flection 0.4125 in. 


Tension tests on 0.505 round bars vield: 


Ultimate strength 107,500 psi. 
Elastic limit 92.000 psi. 
Elongation in 2 in. 2.49% 
Reduction of area 2.235% 
Modulus 29 000,000 psi. 


Brinell hardness is 260. ‘Torsion tests on full- 


sized shafts at the limiting hardnesses are: 


Brinell 225 Brinell 3821 


Ultimate strength 128,000) psi. 130,000) psi. 


Elastic limit psi. 96,500 psi. 
Pwist at fracture 20 20 
Pwist at first set 6 


silicon, 0.40 to 0.500 chromium, 1.50 to 2.00 


to distribute weight advantageously results in « 
cast shaft of lower weight than the forging. 
the first place the shaft may be properly counter 
weighted without having to fasten on sepurat 
pieces to balance the part both dynamically as 
well as statically. The shafts may be ribbed a! 
locations where stresses are highest, with cons: 
shatts 
th 


quent improvement in “fatigue life.” The 
may be economically cored out, lightening 
pins and enabling metal to be so distributed abou! 
} 


the shaft-center as to make it actually s! 
than a forging while being even lighter. 
The last of the copper-bearing alloy 
castings is in the Lincoln Zephyr piston 
carbon is 1.35 to 1.70'., manganese is 
1.00°,, silicon is 0.90 to 1.30°,, copper is 2. 
and chromium is 0.08 to 0.15‘. 


Che 


Here is a case where fluidity is paran 
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make these pistons so that their weight 


will be no higher than that of equivalent alu- 
minum pistons. The expansion of these steel pis- 
ie vhen hot is less than aluminum and only 


jobtly more than the cylinder bore. This low- 
ered expansion means, of course, less difference 
between hot and cold compression and less de- 
pendence on the piston rings. The steel piston, 
hy its greater strength and hardness, also gives 
better support to the piston rings with consequent 
elimination of longitudinal wear in piston ring 
srooves. As would be expected, the size of the 
pistons is also maintained much better in service 
than the aluminum piston, due to a Brinell hard- 
ness of 207 to 241 as against 1410 maximum in 
aluminum. One notable effect of this is that the 
oil consumption of a motor remains constant 
rather than increasing with continued use. 

Phe substitution of this metal was for another 
that was also cast, so the novelty here is in the 
successful production of thin-walled accurate 
castings of harder metal, the wall as cast being 
approximately 0.100 in, thick. The inside of the 
piston is not machined, so that the casting’s in- 
side diameter must be within 0.005 in. per side, 
and the finish weight within + 2 grams. 

Another steel casting is of tungsten-chro- 
mium-copper-iron, and is a hard metal used for 
valve seat inserts. It has 1.20 to 140° carbon, 
0.30 to 0.505 manganese, 0.30 to 0.606 silicon, 
2.00 to 3.50% chromium, 14 to 17‘, tungsten and 
1.50 to 2.00% copper. 

This is akin to high speed tool steel, notable 
for its hardness at red heat and obviously the 
type of metal required to withstand the exhaust 
flames around the exhaust valve and yet retain 
enough hardness to resist the pounding of the 
valve, even when red hot. It must also have such 
expansion characteristics that it can be heated 
in service and after cooling still be tight in the 
block. Tungsten and chromium are the ele- 
ments that give the alloy its hot hardness and 
lame resistance, whereas the tungsten controls 
the expansion problem. Carbon and copper are 
required to cast it in a satisfactory manner. Some 
surfaces of the piece are ground, but since the 
actual seat is machined, the hardness must be 
controlled in the range Rockwell C-38 to 46. 

Prior to assembly the inserts are cooled in 
liquid air, they being 0.0035 to 0.004 in. tight he- 
fore this under-cooling. At liquid air tempera- 
‘ure they readily slip into place in the block, and 
room temperature or above they are very 
light. The use of these inserts has practically 


eliminated valve grinding. 


HEAT TRANSEER 
By Curtis C. Snyder 


Condensed from “Western Canners & Packers” 


HE heat transfer rate of metals is frequently quite 
important, and there is an erroneous impression 
that stainless steel is not efficient for cooking opera- 
tions and others involving the application of heat 
The coefficient of thermal conductivity of metals 
plays a small part in the ordinary cases of heat 
transmission trom one liquid to another. ‘The term 
“over-all coeflicient of heat transter” is now accepted 
as expressing the rate of heat flow from a hot sub- 
stance to a cold substance when separated by a wall. 
In a number of service heating installations (con- 
denser tubing, heating coils, heat exchangers) stain- 
less steel has replaced copper, and while the differ- 
ence in thermal conductivity would suggest a low 
transference value, the actual efliciency of the unit 
has been practically the same. This can be attributed 
to the following factors: 

1. Velocity of heating or cooling, and heated and 
cooled fluids. 2. Nature of material to be heated. 
3. Relative temperature of heating and cooling fluids. 
4. Thickness of separating wall. 5. Character of sur- 
face of separating wall (polish or rough). 6. Sur- 
face effects, such as films, deposits, corrosion, color 
and gas cushions. 

In other words, the formation of water or vapor 
films on metal surfaces, which are always present, 
have a resistance that offsets advantages that might 
be expected when using metals with high thermal 
conductivity. Films on the metal formed by oxida- 
tion or corrosion likewise lower the heating eflici- 
ency of the unit. Also if the material to be heated 
does not carry off the heat as fast as it is supplied, 
little difference will be noted when different metals 
are used. 

A recent investigation conducted at the Univer- 
sity of Wisconsin, Department of Dairy Industry 
“The Relation of Metals to Heat Transterence” 


gives the following data: 


Averaue 
Phermal Coetlicient of 
Conductivity Heat Transfer 
Aluminum 1450 No value 
Aluminum Alloy No value a8 
Coppe r 2700 ay 
Tinned Copper No value 114 
Iron 300 No value 
Iron Tinned No value 123 
Inconel 102 
Nickel 
Stainless Steel (18-8) 
Unpolished 102 
Stainless Steel (18-8) 
Polished No value OS 


Conclusions are drawn trom the above that the 
heating efliciency of stainless steel and other com- 


petitive metals are practically the same 
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MAN 


Charles Morris Johnson 


He worked in 1917 on the problem of “producing a steel that could be forged, ro 
sheared in thicknesses of O.O1 to lin. or more and offering a maximum resistance 


4 
by oxy-acetylene flame. [he research resulted in a series of high chromium-ni¢ kel 


containing silicon, first exhibited in 1920 before the Amercan Society for Steel T: 
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HEREVER steel is analyzed today: the 
hand of Charles Morris Johnson may 
be felt. Directly or indirectly, all steel 


laboratories use procedures either devised or 
perfected by him. This is especially true of con- 
trol analyses for the melting of alloy and tool 
steels. This fact alone may justify tribute to any 
man in our modern industry, but Charles Morris 
lohnson has not been satisfied to be an analytical 
hemist of international renown. He has also 
taken such a hand in the compounding of mixes 
d the direction of processes that he emerges 
equally brilliantly as the originator of an impor- 
tant class of non-corrosive and heat resistant al- 
lovs. Such is the picture we would paint of a 
man equally skilled in the building up and in the 
ring apart of alloy steels. 

He was born in Alliance, Ohio, but at an 
ily age his parents, Rev. and Mrs. George W. 
lohnson, moved to Pittsburgh. When only 20 he 
ceived his Bachelor of Philosophy degree in 
he scientific course, so called, from Western 
(niversity, the parent school from which has 
sprung the University of Pittsburgh. This insti- 

ion later conferred upon him the degree of 
Master of Philosophy in recognition of his work 
the advancement of the steel industry. 

In I898 he married Mary Alma Yost, a 
talented musician, composer and teacher. There 
ire five children, two bovs and three girls —— and 

four grandchildren. 

Upon graduation he accepted employment 
is assistant chemist in the laboratory of Park, 
brother & Co. at Pittsburgh, one of the world’s 
largest manufacturers of crucible steels and then 


largest in America. In 1900 Johnson became 
chief chemist for the steel mill as well as_ its 
plumbago crucible factory. In 1901 Park, Brother 
“Co. became part of the newly formed Crucible 
Steel Co. of America. Johnson continued in his 
position of chief chemist and today still holds the 
ame post. In 1918 he was appointed director 
esearch for the Crucible Steel Co., which po- 

¢ held for some years until this important 
v's Was transferred to another locality. Simple 


arithmetic can show, therefore, that Charles 
Morris Johnson is short only three vears of hay- 
ing spent a half century of useful endeavor in 
one locality. 

A record of his progress may be read in his 
publications and patents. These are too numer- 
ous to list here, but for the sake of the record are 
printed as a footnote. They began to appear in 
1905, in the Journal of the American Chemical 
Society under such titles as “Rapid Determina- 
tion of Nickel in the Presence of Iron, Chromium 
and Manganese,” “Determination of Carbon in 
Iron and Steel by Direct Combustion and With 
Red Lead or Litharge.” These articles made 
chemical and metallurgical history. The funda- 
mental methods and their adaptations have be- 
come so common-place that we are now apt to 
slight their development unless we are willing to 
relax and imagine the difliculties we would have 
today without these necessary refinements. In 
1908 Johnson published the first edition of the 
“Chemical Analysis of Special Steels, Ferro- 
Allovs and Graphite.” This is the work which 
has become the steel analyst's Bible. Now in its 
fourth edition, it stands as a crowning work 
destined to serve for many vears to come. Work 
on it has been unceasing; for the past vear an in- 
vestigation has been underway on the analysis of 
various stainless grades with perchloric acid. 

Later we find a transfer of interest to. the 
special and alloy steels. Such papers as “Alloy 
Steels of High Elastic Limit, Their Heat Treat- 
ment and Microstructure” appeared in Transac- 
lions of the American Society for Steel Treating, 
1922, and “Corrosion Data on Various Alloys and 
Alloy Steels” in Proceedings of the American 
Society for Testing Materials, 1921. Recently he 
contributed three sections to Collier's New En- 
evclopedia covering the subjects of Crucible 
Steels, Silicon Steels and High Nickel Steels. He 
is also the author of the section on “The Rezis- 
tals” in Thum’s Book of Stainless Steels, pub- 
lished by the A.S.M. in 1933, 

We might judge from the bibliography that 
Johnson has devoted himself to writing. Such is 
far from the case. In 1908 he began the manu- 
facture of his own designs and compositions of 
laboratory refractories, such as combustion 
tubes. boats, and muffles, making in 1915. the 
first tapered outlet combustion tube. A depart- 
ment at Park Works making such ware is still 
operating under his supervision. 

In 1909 and 1910 he was granted a series of 
four patents covering the manufacture of metal- 


lic tungsten powder for use in melting high 
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speed steel in the crucible. factory” was 
equipped at 5ist and Butler Pittsburgh, 
where during the World War as much as 100 
tons of metallic tungsten per month was _ pro- 
duced. As the electric furnace gradually re- 
placed the crucible process for melting tool 
stecls, ferrotungsten replaced the metallic pow- 
der as a source of the alloving element, so this 
plant became inactive in 1925.) At this same 
place, in 1914, Johnson produced uranium oxide, 
commercially free from vanadium, for use in the 
manufacture of uranium high speed steels which 
were then enjoving a brief period of popularity. 

Despite the intense activity at Park Works 
during the War, with the added responsibilities 
at the crucible factory and the tungsten plant, he 
found time in 1917 to start an intensive investi- 
vation of the problem of producing a steel that 
could be forged, rolled or sheared in thicknesses 
of O.OL to 1 in, or more and offering a maximum 
resistance to attack by oxy-acetvlene flame. The 
result was a series of patents granted in’ the 
period of 1920 to 1922 covering steel alloys, vault 
plate steel, high speed steels with molybdenum 
and high vanadium as well as certain high nickel- 
silicon-chromium steels for heat and corrosion 
resistance. These latter are now known as the 
“Rezistal” steels. They were first exhibited at 
the Philadelphia convention of the American So- 
ciety for Steel Treating in the fall of 1920. In 
1920) crucible melting still predominated for 
high alloy steels, and for this reason the carbon 
content in these early rezistals ranged from 0.25 
to . 
mum of 0.15 or 0.20°) carbon, and are essentially 


Present grades usually carry a maxi- 


high chromium-nickel steels with 1 to 4. of sili- 
con added as required to establish unique prop- 
erties. The creation of these alloys entitles 
Charles Morris Johnson to acclaim as a fellow 
investigator with Marsh, Haynes, Strauss, Maurer, 
Brearley, Becket, and Armstrong. 

In 1918 Johnson was elected a Fellow of the 
American Association for the Advancement of 
Science, and in 1985 a member of the national 
research organization known as the Society of 
Sigma Ni “in recognition of his contributions to 
the chemistry of steel analysis, control and manu- 
facture.” He is one of the outstanding members 
of the American Society for Metals. He was one 
of the first to realize in the early days of the De- 
troit and Chicago groups that no reason existed 
for rivalry. He lent his influence toward the 
plan of alternating the meetings in Pittsburgh 
(one month the Detroit Chapter and the next 
month the Chicago Chapter would meet) and in 


this way he was probably the originator «j 
fication ideas which later led others to forn ; 
amalgamated society. He certainly is one of 4 
most faithful members of the Pittsburgh Cha 
ter, ever active in all branches of its diversi; 
vearly program. Always serious in appeara; 
he has, however, the keenest sense of humo) 
man can possess, together with a dry wit so subj 
that only those intimately acquainted with | 
can appreciate its mastery. 

Surely we honor ourselves in expressing t! 
feeble tribute to our esteemed fellow mem) 
Morris JOUuNson. 


Publications and Patents 


Determination of Carbon in Iron and Ste 
Direct Ignition With Red Lead. J. Am. Chem. § 
v. NAVITL, 1906, p. 862. 

Rapid Determination of Nickel in the Pres 
of Chromium, Iron, and Manganese. J. Am. Ch 
Soc., v. NXTX, 1907, p. 1201. 

Determination of Carbon in Steel, Ferro-A 
and Plumbago, by Means of an Electric Combust 
Furnace. J. Am. Chem. Soc., v. XXX, 1908, p 

Rapid Methods for the Chemical Analysis 
Special Steels, Steel-Making Alloys, and Grap! 
N.Y., Wiley, 1909. 

A New Method for the Determination of Ch 
mium and Vanadium in Alloy Steels. Paper ree 
before Pittsburgh Chemical Section, Jan. 238, 190 
published in Special Steels, Ist Edition, 1909, p. 4 

The Formation of White Scale on Steel and th 
Surface Decarbonization of Pipe-Annealed Stce! 
Ind. & Eng. Chem., v. 1, 1909, p. 459. 

Manufacture of Metallic Tungsten Powde: 
High Speed Steel; Method of Reducing Metall 
Oxids. Patent No. 964868, June 6, 1909. 

Manufacture of Steel. Patent No. 9648609, \ 
15, 1909. 

Treatment of Ores. Patent No. 964870, Jan 

Furnace for Reducing Metallic Oxids. Pat 
No. 964871, Feb. 1910. 

The Determination of Phosphorus in Ferrotun- | 
sten, Metallic Tungsten Powder, Etc. by Direct 5 
tion. J. Ind. Eng. Chem., 1913, v. 5, p. 2% 

A Vitrified Clay Combustion Tube With bap 
Outlet for the Determination of Carbon in Ste 
Ferro-Alloys and Graphite. J. ind. Eng. Che 
Vv. p. 488. 

The Determination of Sulphur by Ev: 

HS at 1000° C. by Means of a Stream of Hy) - 
Gas and HCI Vapor in High Speed Steel. = 
$rd editions of Special Steels, 1913 and 120 -- 

Method for Determining Phosphorus 
Vanadium Steels and Pig Iron Using a Fai 
moniacal Water Solution of Ammonium 


J. Ind. Eng. Chem., v. XI, No. 2, 1919, p. Tle 


(List concluded on page i4 
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mn principle 


and practice 


-RAYS are a form of radiant energy or 

electromagnetic waves which were first 

detected by Roentgen in 1895, and are 
frequently called Roentgen rays in honor of the 
discoverer. The latter name is used in Germany, 
while the term X-ray is more prevalent in France, 
England, and the United States. 

\-rays are similar in many respects to light 
ind other radiation of the electromagnetic spec- 
trum, in that they travel in straight lines, traverse 
through space without transference or interven- 
tion of matter, affect a photographic film, and are 
not influenced by either electrical or magnetic 
fields. The various electromagnetic vibrations 
differ essentially in wave length, the gamma rays 
emitted during the disintegration of radioactive 
elements are the shortest (with the exception of 
“cosmic: rays,” whose nature is controversial), 
then the \-rays, followed by the ultra violet, the 
visible, then the infra-red or heat rays, solar radi- 
ation, radio and finally the extremely long waves 
ol electricity. Generally the shorter wave lengths 
are less absorbed by intervening matter and are 

Msequently more penetrating. Gamma_ rays 
‘mManhating from radium or its associates, having a 
Wave length of from 0.005 to 14 A (1 A 10° 
“m.), and X-rays, ranging from 0.06 to 1019 A, 
penetrate material which is opaque to visible 


f f 
‘without references) [rom an arti: 


By Kent R. Van Horn 
Metallurgical Division 

Aluminum Research Laboratories 
Cleveland, Ohio 


light having a wave length of from 3800 to 7700 A, 

Light is transmitted through different types 
of glass with varving degrees of ease. Similarly, 
\-radiation is absorbed differently by various 
substances of greater or less density; that is, all 
materials do not possess the same degree of \-ray 
transparency. The absorption coeflicient of \- 
rays is roughly proportional to the atomic density 
of the absorbing medium. Consequently a sound 
section of steel will absorb more radiation than 
a similar section of aluminum or organic tissue. 
With X-rays it is possible, therefore, to locate 
inclusions differing appreciably in density from 
the surrounding material. These relations are 
the basis of the expanding science of radiography, 
which may be defined as the non-destructive test- 
ing of matter with radiant energy (either \-rays 
or gamma rays). The experimental procedure 
consists of passing radiation through the speci- 
men and detecting the various intensities of the 
emergent beam by a photographic film or fluoro- 
scope sereen, 

Probably the first practical application of 
\-rays was radiography, and today it is an in- 
valuable test for medical and industrial diagnos- 
ticians. In 1928, X-ray tubes rated at 200,000 
volts peak were available which could penetrate 
3 in. of steel. This has been increased to 5 in, 


[or next r:dition ot AS Metals Handbook 


fugust, 1936; Page 45 


~ 
i wall : 
4 
' | 
gan 
4 


of steel with 400,000 y. peak apparatus in 1935. 
Reasonable quantities of gamma rays of shorter 
wave length can penetrate 10 in. of steel. The 
present article will be confined to X-ray radiog- 
raphy because of its advantages for laboratory or 
shop inspection of moderate thicknesses of metal 
ordinarily met in industry. However, much of 
the individual discussion of general technique 
and interpretation apply to the gamma ray. 


Generation of X-rays and Apparatus 


It is known that X-rays are produced when 
matter is bombarded by a rapidly moving stream 
of negatively charged particles (electrons) that 
is, when the electrons are suddenly stopped by 
matter the kinetic energy is converted to energy 
of radiation. In addition, the absorption of \- 
rays by various materials is accompanied by the 
emission of secondary radiation. The essential 
conditions for the generation of X-rays are: 


(1) Source of electrons (cathode rays) pro- 
ceeding toward the target. 

(2) A target or anode located in the path of 
the cathode rays. 

(3) A means of applying a potential difference 
between the cathode and the target which will give 
the requisite velocity to the electrons during the 
passage of the intervening space, so that when they 
bombard the target the necessary X-rays will be 
propagated. 

The first two requirements are incorporated 
in the X-ray tube. This may be of two types, al- 
though the electron type is universal for indus- 
trial radiography. It is a highly evacuated glass 
bulb or evlinder containing a tungsten wire fila- 
ment which emits the cathode rays, and either a 
solid or plate target, and may range in capacity 
from 85,000 to 400,000 y. peak. The lower voltage 
tubes have a fine focus and are generally air 
cooled, while water cooling and larger focal areas 
are characteristic of high voltage tubes. Their 
general construction was described by Coolidge 
and Charlton in ProGress, Nov., 1933. 

The third condition, a difference in potential, 
was obtained for the original apparatus by a di- 
rect current electrostatic generator. However, 
the high tension, alternating current closed core 
transformer is used today for industrial installa- 
tion. Accessory equipment for the transformer 
type of power consists of the following: 


(1) An auto transformer for the control of the 
high tension transformer input. (2) A means of 
current rectification from alternating to direct cur- 
rent, either valve tube or mechanical. The valve 


tubes or kenetrons are now rapidly replacing ¢), 
older mechanical rectifiers. (3) A device for re 
lating tube current. (4) Separate transforners 
supplying the filament current of the X-ray an) 
valve tubes. Additional windings on the hich ay 
sion transformer or insulated storage batteries gy, 
also satisfactory. (9) Instruments for measuring 
voltage such as a calibrated primary transforme; 
voltmeter, sphere gap or spectrometer, or electpo. 
static voltmeter. 

Radiographic units may be classed accord. 
ing to portability: (1) Permanent type, wher 
the location of the apparatus is fixed; (2) flexi) 
type of equipment that may be moved throug). 
out the plant with comparative ease. The mor 
recent installations are generally portable and 
very compact; an oil immersed power plant and 
\-ray tube can be contained in shock-proo/ 
case 6x4x4!5 ft. suspended on trunnions on 4 
movable truck. It is imperative to protect th: 
operators or any persons in the vicinity of al! 
types of apparatus, from the injurious effects of 
both primary and secondary radiation. ‘This is 
accomplished by suitable thicknesses of dens: 


materials which are impervious to X-rays (lead 


or concrete) and fencing off a generous ar 
around the temporary location of a portable set 


Methods of Detecting X-rays 


\-rays are detected by their effects on matter, 
rendered visible either temporarily or perma- 
nently. In addition, X-rays are revealed by in 
duced physical and chemical changes which ma) 
be made permanent. Thus X-rays have been de- 
tected by an ionization chamber, fluoresce! 
screen, photographic film, plate or paper. lnas 
much as the film is generally used for industria! 
radiography, the other methods will not be dis 
cussed. 

An X-ray paper is marketed which costs 
about half that of a film and differs in several! 
significant characteristics. The contrast of th 
paper is 40°. less than the film, and the range o! 
useful densities or latitude is also materially less 
because of the reflection of some light from tlh 
surface. However, X-ray paper may be satisia 
tory for special cases where previous examine 
tion of a large number of similar parts had 1 
dicated that the objectionable defects would 
adequately disclosed. 

Light rays, X-ravs and gamma rays produc: 
a latent image on a photographic emulsion whi h 
is permanent and reproducible. “Dupletized 
films designed especially for X-ray service hav: 


two very thick sensitive layers, one on eac!) Suh 
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lhis produces more contrast than a single 


; ion. The image registered on the negative 
s dependent on the variations in absorption of 
the \-rays by the object and on the characteristics 
of silver bromide emulsion. 

(he important qualities of films are contrast, 
latitude, and speed. As the exposures for indus- 
trial radiography are relatively long, compared 


to medical work, the speed encountered in the 
films of today does not vary enough to warrant 
eonsideration. The radiographic sensitivity (the 
minimum variation in thickness, or density de- 
tectable in a specimen) is greatest with high con- 
trast emulsions. However, with maximum dif- 
ferentiation of detail (contrast), the range of 
useful film intensities (latitude) is diminished. 

In other words, contrast will reveal minute 
defects in a certain section but would sacrifice 
adequate exposure of regions of appreciably 
creater or less thickness. Sufficient latitude will 
allow for unavoidable variations in exposure and 
development, also reasonable differences in 
thickness. Generally, emulsions that possess a 
compromise of contrast and latitude are desirable, 
although for some conditions requiring extraor- 
dinary sensitivity, high contrast may be selected. 

Films are developed and fixed by the tank 
method, in solutions designed to give extreme 
contrast and negligible chemical fog, wherein 
contrast is sensibly maximum in from 5 to 9 min. 


at 65° F. As the density (film blackening) in- 
creases with developing time, the exposure may 
be reduced by prolonging the latter. Thus, with 
an 8-min, development, the exposure may be de- 
creased by 30°. of that required for a 5-min. 
period. 

Negatives should be viewed for interpretation 
with a source of diffuse illumination which will 
reveal detail in areas of extreme blackening. The 
density of the film does not affect the visual sen- 
sitivity with a variation in illumination ranging 
from 5 to 3000 foot-candles. About 1000 foot- 
candles are recommended; this is obtained with 
either the 200 or 250-watt blue lamps that are 
supplied in the commercial illuminators. 

Film blackening may be precisely measured 
by a micro-photometer. A density difference of 
2‘. is considered the standard minimum value of 
detection. 

Improvement in contrast and a decided re- 
duction of exposure time can be obtained by em- 
ploying intensifying screens. A screen consists 
of an intensifying compound, usually calcium 
tungstate and infrequently zine silicate, or zine 
sulphide or barium platino-cyanide, coated with 
a cellulose binder on cardboard. On exposure to 
X-rays or gamma rays, a visible and blue violet 
light is emitted from these screens to which a 
film emulsion is highly sensitive. Two screens, 
one in front and the other behind the film are 


Set-Up for Radiography, Viewed From Above. Tube rests on tripod; below are four 
cast pistons placed on a light-tight package containing film and intensifying screens 
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venerally used, although superior definition but 
less speed is procured with only one. Intensi- 
[ving screens maintained at low temperatures 
are extremely fast, as exposures at 10° F. are 
less than at 700 

Metal foils, particularly lead, and sometimes 
copper or aluminum, slightly decrease the ex- 
posure period and improve the quality of the 
negative. Two lead foil filters about 0.005 in. 
thick, one on each side of the film will reduce 
fogging by absorbing some of the secondary radi- 
ation. The definition is also enhanced by the re- 
sulting fine grained image. 

Intensifving screens must be handled care- 
fully as they are brittle, expensive, and scratch 
easily. Dirt or blemishes on the sensitive surface 
are readily recorded on the negatives and com- 
plicate the interpretation. 


Sensitivity; General Technique 


The minimum variation in density within a 
specimen that is perceptible is a measure of the 
overall accuracy of the radiographic method. 
This sensitivity may be expressed as the smallest 
thickness of defect in inches that is revealed on 
the radiograph, or as the percentage of the total 
thickness examined which the smallest defect de- 
tectable represents on the radiograph. Of the fac- 
tors that affect: sensitivity, some may be con- 
trolled, while others are permanent limitations 
imposed by the apparatus. 

The type of target of the X-ray tube, the 
material supporting the target, the size of the 
focal spot, and the method of rectification influ- 
ence the sensitivity and cannot be altered in a 
particular arrangement of equipment. The higher 
the atomic number of the target metal, the more 


penetrating and shorter the wave length, a} oug 
this is accompanied by decreased contrast. [f 4) 
target is not solid metal but a button imbedded 
in a supporting conductive metal, extranes 

radiation of different wave lengths may also | 

emanated from the surrounding metal. This mo 

approach 10°. of the total if not removed jy 
proper filters. The focus of the X-ray tube is pot 
a point, but occupies a fixed area. Consequently, 
the smaller the focal area the better the detinitio, 
and the less the distortion. Rectification units oj 
the same peak kilovolt capacity have dissimil,; 
wave length distributions and mean voltages. 
thereby generating different proportions of long 
and short wave iengths. 

Among the important factors affecting sen- 
sitivity which can be regulated is the quality of 
the radiant energy. The radiation emitted from 
the tungsten targets generally used varies ove) 
a considerable range of wave lengths related to 
the voltage applied. As the potential increases 
from about 89,000 to 200,000 vy. peak the wave 
length of maximum intensity decreases from 1.35 
to 0.0634 with a corresponding reduction in con 
trast and sensitivity. However, the shorter and 
more penetrating wave lengths are required for 
thick samples. Consequently, it is desirable to 
employ the lowest potential which will penetrat 
a given thickness and affect the film in reasonab! 
time. Exposure charts for various thicknesses o! 
metals under different conditions are availahl 
However, these data may not apply to all appara- 
tus because of the difliculty in reproducing radia 
tion with a pulsating potential and variations u 
films and screens. 

Sensitivity is dependent on the wave lengt! 
of the X-rays and the nature of the exposed mat 
ter (excluding the fogging effect produced by 
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Part of a Radiograph of Step-Casting Used to Check Exposures. In this case the aluminum alloy 
casting was immersed in carbon tetrachloride to increase the definition; if it had not, the thinnest 
step at left would have been indistinguishable from the background, Mottling is general porosity 
in the heavier sections, dark spots are shrinkage, white area is segregated copper or iron compound 
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or secondary radiation). Secondary 


rat » consists of primary X-rays that are 
d through wide angles with no change in 
wa neth, and ejected electrons which propa- 
to \-ravs of longer wave length characteristic 
f the absorbing substance. The quantity of sec- 
ry radiation increases with the applied volt- 

od the number of atoms encountered that 
thickness of the material. The secondary 
eruy derived from the specimen and surround- 
objects fogs the film, thereby diminishing the 
sensitivity. Fortunately this may be materially 
reduced by the use of Potter-Bucky diaphragms, 


11) 


lead or copper sereens, and other expedients, 

fhe geometrical relations of the focus of the 
\-ray tube to the film, the location, the size and 
orientation of defects also influence the sensi- 
tivity of radiography. Although the focal area 
is permanent, definition can be improved by in- 
creasing the tube-to-film distance. The greater 
the distance, the smaller the angle of exposure 
and the better the definition or sharpness. This 
relation is limited because of the corresponding 
increase in exposure time since the intensity of 
\-ravs or gamma rays decreases inversely as the 
square of the distance from the source, 

Flaws may occur in any part of the specimen 
ind may be oriented at any angle. As the defect- 
to-lilm distance is increased, or the diameter of 
the defect is decreased below one inch, the actual 
sensitivity is proportionately diminished. The 
orientation of minute cracks is important and 
may necessitate several exposures at different 
angles so that cracks presenting too small a vari- 
ation in thickness for detection in one direction 
may be revealed in another, 

It follows from the discussion of the various 
factors that the best sensitivity will result from 
employing a small focus tube, a low voltage, large 
tube-to-film distance, high contrast film exposed 
with intensifving sereens, and with the scattered 
radiation and chemical fogging reduced to a 
minimum, Sensitivity data are given in the table 
and indicate the smallest detectable difference in 
thickness that may be ob- 
tained parallel to the path 


Interpretation of Radiographs 


A radiograph is a shadow picture of material 
more or less transparent to radiation. The \- 
ravs darken the film so that regions of lower 
density which readily permit penetration appear 
dark on the negative in comparison with areas of 
higher density which absorb more of the radia- 
tion. Thus, voids and cavities in metals are re- 
corded as darker areas, while heavy inclusions, 
such as iron scale or copper segregation in an 
aluminum alloy, register a corresponding lighter 
region on the radiograph. The sensitivity values 
indicate the smallest variation in absorption that 
can be appreciated. 

In the metal industry, most of the radio- 
graphic installations are located in the foundry 
and the welding shops. In castings, differences 
in thickness due to the form and intentional 
cavities, as cored holes, are regions of low den- 
sity and are revealed as darkened areas. Speci- 
mens containing variations in thickness caused 
by the unintentional absence of metal are also 
more transparent, resulting in darkening of the 
film. The common casting defects of the latter 
type may be recognized on the negative by the 
following characteristics: 

1. Gas cavities, blow holes and minute gas 
porosity appear as well defined spherical or rounded 
darkened areas. 

2. Shrinkage, pipe and shrinkage porosity are 
represented by filamentary or dentritic dark regions 
of irregular dimensions and indistinet outline 

3. Misruns appear as very prominent darkened 
areas of variable dimensions with definite, smooth 
outlines where the metal has failed to fill 

4. Sand inclusions occur as gray to black spots 
of an uneven or granular texture with indistinct 
extremities. 

» Cracks are represented by darkened lines of 
variable width and are filamentary when derived 
from insufficient feeding or contraction (shrinkage } 
on cooling from the melt. Cracks originating from 
internal stress in solid metal are either angular or 
straight and are of more constant width 


Sensitivity of Radiography on Steel 


of the X-radiation. The 
practical significance is that 
Variations of composition 


or thickness causing less 


Thickness of Samp/e 


in. in. vein. to Sin. 


change in film density than Best /eboretory work 
the per cent sensitivity for 150,000 v. peek 
a certain thickness of sam- 200,000 V. peek 
ple will probably escape industria! work 

200,000 kh peek 


det tion. 


0.0039iIn.\ 0.0041 in. 
0.0049 in.\ 0.0052 in.\ 0.0057 in.\ in. 


0.8 to 1% 1to15% 2% 
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6. Inclusions such as foreign material, segre- 
gation, oxide and slag in steel castings generally 
appear as dark regions of definite and smooth out- 
line. In light alloy castings, copper or iron segrega- 
tion and foreign matter of greater density than the 
base metal occur as well defined, white areas opaque 
to the X-ray. 

Radiography of steel welds is confined pri- 
marily to boilers, pressure vessels and pipe. The 
origin and interpretation of flaws have been ex- 
haustively studied during the standardization of 
inspection methods. The defects in order of 
prevalence of occurrence in steel welds are: (1) 
Slag inclusions, (2) porosity, (3) cracks, (4) in- 
complete fusion between the weld and base metal 
or between two layers of weld metal. All the 
imperfections are less dense than steel and are 
recorded as darkened regions on the radiograph. 
With the exception of incomplete fusion, which is 
represented by a dark line parallel to the scarf of 
rather constant width and direction, the defects 
are similar in appearance to their description for 


sand castings. 
Radiographic Applications 


In the metal industries, radiography has been 
largely restricted to the inspection of cast or 
welded products. Some forgings have revealed 
internal cracks, laminations and inclusions, but 
the occurrence is too infrequent to warrant seri- 
ous consideration of the X-ray as a means of 
routine inspection. 

Apparatus has been installed in four types 
of organizations: (1) Foundries for the inspection 
of castings and ingots, (2) manufacturers of boil- 
ers or pressure vessels for the testing of welds, 
(3) government arsenals, consulting laboratories 
and universities for the examination of castings, 
welds and miscellaneous products, (4) companies 
fabricating miscellaneous non-metallic products. 

The first radiographic equipment exclusively 
for the study of foundry products and technique 
was installed in this country in 1927 in the Cleve- 
land, Ohio, foundry of the Aluminum Co. of 
America. Each year has added to the list of 
companies which have found the X-ray meth- 
od to be indispensable for the inspection of cast- 
ings. Apparatus now exists in cast or alloy iron, 
steel, and light alloy foundries, and is used in 
eight or nine out of ten times for the develop- 
ment of casting technique, and only about one 
in ten for routine inspection. After a successful 
procedure has been established only occasional 
\-ray confirmation is necessary. However, com- 


plete examination is warranted for high) 
stressed castings such as pipe or fittings for hig) 
pressure-temperature systems, heat resisting yp». 
torts and airplane crank cases or shock absorbers 

An outstanding application was the nop. 
destructive testing of all pipe, fittings, and ty, 
bine shells for a 1200-Ib. steam line of a lary, 
electric power plant. After several years of sery. 
ice, no casting has failed, although a considera}), 
number were originally rejected because of th 
X-ray specifications. Frequently, when the pro- 
duction of a part is too small to justify the ex. 


pense of a forging die and operation, castings. 
proved by the X-ray to be homogeneous and 
sound, have been acceptable. A manufacture 
has appreciably increased the service life of heat 
resisting furnace fittings, pots, retorts, and ther- 
mal protection tubes by making sure that no dan- 
gerous sub-surface defects exist in the castings 
shipped. Some indication of the value of radiog- 
raphy to this producer is that 1,450,000 sq.in. of 
film were exposed in the year 1935. 

The ability of the X-ray to disclose the injuri- 
ous defects in welds has been recognized by the 
Bureau of Engineering of the U. S. Navy, the 
American Society for Mechanical Engineers, and 
the American Petroleum Institute. In 1931, the 
A.S.M.E. boiler code governing boiler drums and 
unfired pressure vessels permitted welded con- 
struction but required complete X-ray inspection 
of the seams. Welded construction of pressure 
equipment has progressed phenomenally since 
1931, although little utilized previously because 
an eflicient non-destructive test had not been 
available. Also, it is doubtful if the fusion welded 
structures would have attained their popularity 
without the confidence reflected by the acceptance 
of welded boilers. 

In 1936, there are 48 equipments distributed 
among 34 companies interested in boilers and 
pressure drums. The eleven major companies, 
engaged in fabrication of pressure apparatus, 
have examined, to date, over 7000 vessels repre- 
senting approximately 150 linear miles of welded 
steel joints ranging in thickness from }, In. to 
47% in. All fusion welding of the penstocks of 
the power plant at Boulder Dam, totaling 7 
miles of seam, is minutely inspected. This pro}- 
ect alone will require about 159,000 exposures 
consuming 24,000,000 sq.in. of film. Unlike in the 
foundry, the majority of the weld radiograp!iy 's 
devoted to routine testing. . 

U. S. Army officials, visualizing the poss 
bilities, installed the first equipment in this cout 
try for the radiography of cast and welded | rod- 
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. in 1922 at Watertown Arsenal. This was 
wed by Rock Island Arsenal; it also inter- 
ested other governmental divisions. The con- 
og laboratories and some universities have 


materially aided in the development of X-ray 


technique and the introducing of new applica- 
tions. The experience of these organizations in- 


ludes castings, welds, and non-metallics. 


Gamma Ray Radiography 


Gamma rays emanated from the disintegra- 
tion of radioactive elements have experienced 
only limited radiographic applications. The 
source may be radium, radon, or meso-thorium, 
which emit considerably shorter and more pene- 
trating wave length radiation than the X-rays. It 
is estimated that the gamma wave length spec- 
trum corresponds to X-rays that would be gener- 


Four Sound and One Defective Steel Castings 


ated by potential of from 400,000 to 1,500,000 
volts peak. 

In addition, the gamma radiation differs 
from the X-rays in several pertinent qualities. 
As contrast diminishes with decreasing wave 
length or increasing voltage, the gamma rays are’ 
unable to reveal the very small defects. The 
gamma wave lengths are characteristic of the 
source and cannot be regulated for contrast or 
variable thickness. An advantage of the gamma 
radiation which improves the sensitivity is the 
small absorption and low scattering power re- 
sulting in appreciably less fogging than that pro- 
duced by X-rays. The net effect of the two com- 
pensating factors, lack of scattering and low con- 
trast, is that the sensitivity of the gamma ray is 
inferior to the X-ray for material penetrable by 
the latter. 
laboratory conditions for 44 to 2 in. of steel 


The sensitivity of gamma rays under 


ranges from 5 to 1.75‘. and for 3 to 6 in. is 1.3°¢. 

Other important considerations which pre- 
vent gamma radiation from competing with the 
X-ray are the expense and time of testing. The 
rental of 100 mg. of radium is about $10 per day 
and would require up to 24 hr. exposures for 
thick steel. 
tional but are emanated spherically so that many 


Although gamma rays are not direc- 


specimens may be simultaneously examined by 
suitable distribution about the source, the number 
of exposures for a specific time is relatively small 
compared to the large number that could be ob- 
tained with the X-ray in the same period. 

The gamma radiation is attractive because of 
the good definition, absence of machinery and 
‘ase of arranging exposures. Excellent definition 
can be procured by decreasing the dimensions of 
the source, that is, by reducing the quantity of 
radium or absorption of radon by a small piece 
of carbon. The simplicity of gamma ray tech- 
nique is utilized for the radiography of steel cast- 
ings and welded structures in an assembly or in 
service where it is inaccessible to X-ray appara- 
tus. Frequently circumferential welds of large 
pipe made in the field are more economically ex- 
amined by gamma radiation because one com- 
plete joint may be simultaneously exposed from a 
single radioactive source. Also, companies not 
having suflicient non-destructive testing to justify 
an expenditure for an X-ray installation, rent 
radium on occasion. It would seem that the 
gamma rays will not be used extensively for in- 
dustrial radiography, but will be confined pri- 
marily to the examination of material opaque 
to the X-ray (say 5 to 10 in. of steel) or inaccessi- 
ble to the latter type of radiation. 
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MONG the great variety of industrial heat- 
ing applications, where special problems 
of production and lavout are to be met, 

it is frequently difficult to find enough floor space 
for the necessary furnaces. In such cases the 
upright conveyor type of furnace may often pre- 
It will be the 
intention of this article to deal with the design 


sent the most convenient solution. 


features of this type of equipment, showing two 
applications of the many which have been made 
in the main plant of Buick Motor Car Co., Flint, 
Mich., and to point out its advantages and (on the 
other hand) its limitations, 

As in most continuous heating equipment, 
each application should be studied as a special 
problem, The major variables of this problem are 
the size and shape of the pieces to be heated, the 
requirements for surface protection, the produc- 
tion desired, the temperatures which must be 
attained, and the handling problems imposed by 
the desired location in the shop and the opera- 
tions preceding or following the heating evcle. 

In other words, the field for vertical fur- 
naces for heat treating operations will be certain 
special and particular applications rather than 
the ordinary field well served by the more or less 
standardized furnaces made by several reputable 
builders for general duty. Widths, heights, con- 
veyor arrangements, zoning, loading and unload- 


FURNACES 


By F. E. Harris 
Furnace Engineer 
Buick Motor Car Co. 
Flint, Mich. 


ing details will vary with practically every appli 
cation. A general description such as this can 
cover only the fundamental points of design 
A very common and satisfactory use is found 
in the low temperature field of drawing opera 
to 1000 


transmission gears, flywheel ring gears, coil and 


tions, from 100 F.. on parts such as 


leaf springs, spline shafts, rear axle shafts, and 
Pha st 


applications are similar in that all the stock 


other parts of relatively small weight. 


is cooled to room temperature after heating on 
the endless conveyor and before unloading, either 
for ease in handling or to prevent scale or rust 
from forming on the finished parts. 

In the vertical furnace loading and unloading 
is done at one point or station, with the conveyo! 
trays in the open and at a convenient height for 
handling. For all such low temperature opera- 
tions, the heat application, its control by baffling, 
and the general construction of frame, conyveyo! 
and brickwork will be similar. This general class 
will now be described, taking as a specific illus 
tration a duplex furnace for drawing coil springs 
for front wheel suspensions, as shown in the ¢ 
eral drawing on page 54. 

Simplicity of temperature control and | 
Dual com 


economy are predominant features. 
bustion boxes (really they are thick-walled t' 
of refractory, with longitudinal slot for discho'y 
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vases) are fired from either side, and are 
d centrally at the lower part of the shaft. 


\ steel baffle extends upward and divides the 
fu ice Into two “legs.” one of which on the load- 
inv side is the “ascending leg” for the stock to be 
heated, the other the “descending leg” for the 
ctock to soak at the desired temperature, 


fhe combustion gases, entering the furnace 
wivh the narrow longitudinal slots in the com- 
hustion boxes, travel upwards, against the de- 
nding stock, across on top and then down the 


other side of the baffle, leaving the furnace at the 
bottom of the charging side and being carried 
out of the shop by a properly placed hood. Thus, 
all gas flow is counter to the work being heated, 
and the temperature of waste products of com- 
bustion is relatively low as they leave the furnace. 

Phese refractory lined combustion boxes are 
each supplied with a duplicate set of gas burners, 
the larger of which is automatically controlled 
from a thermocouple at the top of the furnace. 
fhe small burner fires continually and serves to 
keep the combustion box hot, without having the 
capacity to hold the furnace at the temperature 
desired. The large burner is on or off as required 
hy the temperature control. 

hese two comparatively small boxes afford 
complete combustion for the gas-air mixtures 
supplied through the burners. Furthermore, they 
will operate under a considerable back pressure, 
which is an essential point, as no venting from 
the top of the furnace shaft is allowable, with its 
subsequent suction from natural draft. The thin 
steel baffle radiates heat rapidly from the hot 
ascending gases into the cold charge as it is 
carried upward by the chain conveyor. It also 
serves to direct the gases up the one leg and 
down the other, making the furnace in effect 
a two-zone construction. 

The mechanism of heat transmis- 
sion is as follows: The insulated 
chamber or shaft, open at the bot- 
tom of both legs, affords a pull 
on the products of combustion 
only as the gases on the cold 
side in cooling are heavier. 
this natural flow” assures 
the definite travel of the 
gases, without undue 
chimney effect or channel- 
ling. The hot gases issuing 


from the combustion 


boxes are directed against 

the central steel baffle. in 

a in stream distributed 


Design of Sprocket Teeth 
for “Loose” Chain. Drive 
over-pilched; 
idler sprocket is under-pitched 


across the width of the furnace. These hot gases 
travel along the vertical baffle, affecting immedi- 
ately the thermocouple located at the top of this 
leg, and serve to hold the stock at temperature. 
These gases, descending, will maintain the cor 
rect travel for uniform heating regardless of the 
furnace width since the greatest volume of gases 
will flow through the coldest channels. This auto 
matically compensates for non-uniform loading 
and radiation. 

With proper speed of the conveyor in rela 
tion to its load and the temperature emploved, 
two-zone heating is therefore attained accurately 
and uniformly with one control couple and one 
source of heat. The two zones are (a) holding 
on the descending leg and (b) heating on the 
ascending leg. 

The frame construction and brick lining are 
relatively simple. The upright structure is en- 
tirely open except for its steel supporting legs 
for the first 6 ft. or so; this allows convenient 
loading and unloading spaces. A single laver of 
insulating brick is placed against the outer steel 
casing to form the vertical sides and ends; insul- 
ating covers tightly seal the top. The bottom, en- 
tirely open, allows free travel of the conveyor 
and its load, in and out, while the only openings 
in the straight walls are in the sides — one for 
the combustion boxes at the bottom, and one at 
the top for the conveyor head shaft. This makes 
for easy construction and maintenance, and pre- 
vents any leakage of combustion gas or infiltra- 
tion of outside air. 

For such low temperature work, the endless 
conveyor made of 
plain carbon steel 
throughout. [tis driven 


through sprockets on 
the head shaft. This 
shaft carries the entire 
load, through two 
itrands of chain, con- 
nected with suitable 
crossbars for load- 
carrving fixtures. The 
lower or foot shaft floats 
on the loop of conveyor 
chains. 

A few features ot 
the mechanical design 
will be pointed out 
which insure proper 


conveyor operation, 


such as over-pitch and 


under-pitch sprockets, 
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and automatic take-up at the bottom to allow for variable 


chain pitch as the temperature varies. 


Since the head shaft carries the entire load of the con- 


veyor assembly, fixtures and the processed material as well, 


additional stresses imposed by mechanical take-ups are par- 


ticularly to be avoided, since temperature changes from cold 


to operating condition give a variable length to the convevor. 
> 


Vetal Progress: Page 54 


Vertical Furnace for Drawing | 
Springs. All parts which are exp 
to heat are of carbon steel. 5%! 
thermocouple control is suffict 
and furnace construction, ve! 
only at bottom, insures uniform 

perature on any cross-sectt 

either ascending or descending 
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tion of High Temperature Furnace for Heating Spring Leaves. Thermocouple near unloader controls auxiltary 


nearby along center wall, whereas thermocouple at top of partition controls heat input of main burners, 
high alloys to resist loads at temperature without sagging represents 
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A “loose” chain condition is effected by the 
sprocket design, as shown in the sketch on page 
53. For driving, the sprocket should be slightly 
over-pitched, while the driven or idler sprocket 
should be under-pitched. Otherwise, the chain 
may climb on the driving sprocket unless a very 
tight chain is maintained by the take-up. Some- 
times an unbalanced load on the conveyor may 
cause the driven sprocket at the top to act as an 
idler, while the varying chain pitch due to tem- 
perature variations may pul sprockets of unvary- 
ing pitch out of operation. 

The sawtooth sprocket shown in the sketch on 
page 93 is developed for a 3-in. pitch combination 
chain. The extended tip and depressed root of 
the tooth are svmmetrically balanced around the 
correct pitch line for the 8-in. chain, vet the chain 
may find its own pitch line on the sprocket and 
“climbing” is impossible. This type of sprocket 
is used both on the head shaft and the foot shaft. 

As noted above, the lower sprocket rides the 
chain that is, it is an idler sprocket, and the 
extended tooth allows a very simple take-up con- 
struction, as follows: The foot shaft carrying the 
lower sprockets is extended on either side 
through two vertical guides made of angle irons 
framed into the corner columns. Shaft and 
sprockets rest on the chain strands, and the 
assembly is free to move up or down with the 
expansion or contraction of the latter. Thus, a 
minimum of weight is added to the conveyor 
assembly, the take-up is an automatic one and 
the “loose” chain effect is obtained. 

Crossbar attachments from extended chain 
pins, and fixture attachments are also indicated 
in the drawing on page 54. Simplicity of design 
and free-moving parts are incorporated through- 
out, to avoid conveyor trouble at the moderately 
elevated temperatures required for drawing or 
tempering operations. 

This covers the essentials of design and oper- 
ation for a low temperature unit. Its advantages 
are fairly obvious. Where vertical head room 
is available, the required floor space is very small 
for the capacities obtained. Fuel efliciencies are 
high, due to the low temperature of the waste 
gases. Forced convection with a circulating fan 
may be emploved to increase the heating rate, 
although the fuel consumption is thereby in- 
creased. Continuous operation fits in) well in 
most production lines; furthermore, practically 
all of the conveyor may be employed for produc- 
tive work. Stock handling is most convenient, 
as the operator, standing in one position, loads 
and unloads the exposed conveyor easily. 


High Temperature Furnace 


For high temperature applications, say 1509 
or above, the problem is considerably a)tered 
Radiation from hot gases or incandescen| rick. 
work is now the predominating factor in hea) 
transfer instead of convection from moving prod- 
ucts of combustion, and the thin metal bam, 
dividing the heating and soaking zones found j) 
the installation for lower temperature described 
above is no longer adequate for prope: zoning 
Instead, a refractory dividing wall is required 
to keep the cold stock in the charging leg from 
cooling the stock in the discharge leg. This is 
clearly shown in the general drawing of the fur- 
nace printed on page 55. 

Again, as the higher temperatures require 4 
greater heat input per unit of work heated, th 
problem of correct heat application is consider 
ably altered. Here each leg is controlled sepa- 
rately with two distinct firing points. Burners 
at the lower part of the discharge leg supply only 
enough heat for this region, while burners at th: 
top and under separate control take care of the 
greater portion of the heat input required for 
bringing the cold stock to temperature. 

The conveyor problem also becomes much 
more serious as temperatures are increased. Heat 
resisting alloys must be employed, whereas car- 
bon steel is amply strong for the low temperatur 
operation. The rapid decrease in strength of 
materials as the temperature increases marks 
the real limitation of the endless conveyor belt 
exposed to hot gases, whether found in the verti- 
cal furnace or conventional horizontal types 
Since the loads can usually be carried by rails o 
beams in a hearth type of furnace, whereas all 
the weight is carried from chains and a singh 
shaft in the vertical furnace, the only practical 
application of the latter will be found in heating 


comparatively light sections, where the tim: 
heating is relatively short. For the same reaso 
long spans between conveyor chains, with 
quent sagging of shafts and work fixtures, 
be avoided in high temperature equipment 
A unit of this type has been operated su 
fully at Flint in the Buick plant for heating 
stock for leaf springs to a temperature o! 
F., on a 20-min. time cycle, at the rate of 250 
per hr. However, for heavier sections and hea 
parts and greater capacities, this type of ec! 
conveyor belt may not be practical. With 
temperatures and where plant conditions 
rant, a vertical furnace of any reasonabl 


or capacity may be seriously considered. 
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Back of each whirling lathe ...each heaving hoist, laboring conveyor or tireless stamp- 


ing machine... are hundreds of gear teeth that keep production flowing. Compared 
with the dollar value of your contract, their cost is infinitesimal. But if these teeth should give way 
their bearing on your profits is tremendous. Industry is reducing this risk by adopting the Nickel Alloy 
Steels for vulnerable parts in the production cycle. For Nickel’s partnership with the simple steels of 
yesterday results in vastly increased toughness and strength. Let the dependability and endurance 
of these superior steels guard your plant against costly “hold-ups”. Our experience in the application 
of Nickel to industrial problems is at your disposal. Send for List “A” of available publications on 
Nickel and its alloys. 
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LOOPS 


easily stressed 


beyond safety 


N 1929 a suspension bridge over Mt. Hope bay 

on the main road between Providence and 

Newport, R. L, developed trouble during 
construction in the form of broken wires in the 
main cable near their loop around the anchorage 
shoes. The wire was unusual in many respects 
and the bridge was eventually dismantled and 
re-erected with conventional cold drawn bridge 
wire (galvanized). A similar situation occurred 
in the Ambassador bridge over the Detroit river, 
constructed at the same time of the same unsatis- 
factory wire, and it also had to be dismantled and 
re-erected. 

The unsatisfactory wire was made of basic 
open hearth steel, rolled into 4-in. square billets, 
reheated and rolled into 0.225-in. rods, then cold 
drawn one or two holes to 0.192 in. and heat 
treated to desired strength. Its chemical composi- 
lion was the same as conventional cold drawn 
Wire, Which in existing large bridges is almost 
universally acid open hearth steel, cold drawn 
four or five holes from heat treated or “patented” 

in, rod to 0.192-in. wire, this cold drawing 
operation inducing the required strength. Both 
varices are cleaned in acid and galvanized for 
ust protection by running through molten zine. 

Heat treatment and galvanizing of the un- 
‘aUstactory wire was done continuously by 
pulling the wire endwise through a series of 


tanks Successive coils were butt-welded to one 


fugust. 1936; Page 59 


WIRE-ENDS 


By W.H. Swanger 

and G. F. Wohlgemuth 
Bureau of Standards 
Washington 


another and separated at the welds on emerging. 
Temperatures were under close pyrometeric con- 
trol. The total length of the unit was 170 ft. and 
the wire, traveling normally, required 6 min, to 
make the passage. The sequence of sub-units is 
as follows, the wire being exposed from 2 to 4 


sec. While traveling up out of one and into an 


other. 
Sequence of Jreatmenis 
Thrmnenr. |. Seronds 
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In the above the cleaning and galvanizing 


was done in conventional manner. Representa- 


tive properties of the heat) treated wire and the 


cold drawn wire which replaced it are as shown 


in the table at top of the next page. 
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Structure of the wire in process and at the 
finish of heat treatment is shown in the group of 
three micros opposite. The question as_ to 
Whether or not the final structure, which appears 
to be 


permanently was investigated by thermomagnetic 


well tempered martensite, was retained 


analysis, as described in a series of papers by 
R. L. Sanford and G. A. Ellinger of the National 
Bureau of Standards. The results show plainly 
that the wire was in the tempering and galvaniz- 
ing baths a sufficient length of time to bring about 
all of the structural changes in the quenched steel 
that could occur at the tempering temperature, 
and furthermore, that no changes in the constitu- 
tional structure of the wire have since occurred. 
Opinions were expressed that the use of basic 
instead of acid open hearth steel may have been 
a factor in the failure of the heat treated wire. 


No. significant difference could be found in 


Fractures without reduction of area occurred 
in many coils shortly after they were removed 


from the heat treating unit; 337 such breaks we 


not discovered until the coils were taken from ¢{), 


warehouse. This condition naturally caused co 


cern and as a precautionary measure, each o 


before it was wound on the shipping reel, \ 


passed through two sets of staggered rolls, som 


what like a wire straightening machine. 


occurred in the staggered rolls in only 20 mor 


Seventy-four coils were run 


through the ly 


treating unit and by-passed both acid tanks a 


zinc pan; no breaks occurred 


Bre ks 


in any of thes: 


wires when reeled on 30 in. diameter coils. 


In considering these results, hydrogen en 


brittlement is immediately thought of as a pos 


sible cause of the early breakages in the othe: 


coils. This is known to be a 


transitory eff 


disappearing in time, even at room temperatur 


chemical analysis or inclusions 
and the use of basic open 
hearth steel was therefore 
given no further consideration 
as a determining factor in the 
failure of heat treated wire. 

In addition to tensile tests 


Extracts from a paper entitled 
“Failure of Suspension Bridge 
Cable Wire” read before the 


July meeting of American So- 


The minimum time in sto! 


age for any of this wire \ 


53 days, and if the wire wa 


embrittled by hydrogen i! 
reasonable to expect 


many more 


ciety for 


Testing Materials 


it was also required as a unil 
of mill inspection that the wire 
withstand, without fracture of the zine coating, 
wrapping on a mandrel four times the wire 
diameter, 

Of the 29,224 coils of wire completely proc- 
essed, approximately 4,000 were rejected in the 
testing room or on the processing unit. About half 
of these coils were rejected because of defects in 
the galvanizing. The remainder were rejected 
because of failure to meet the specified physical 
properties, or because they broke in the process- 
ing unit. The cause of failure to meet the speci- 
fied physical properties was in most cases traced 
to surface defects in the rolled rod or drawn wire, 
such as laps, seams, overtills, and underfills that 
happened to be located in the test samples. The 
cause of most of the failures on the processing 
unit was not ascertained in the wire mill. 


gered rolls. 
and 19-in. 


made at the U.S. Bureau of 


straight lengths of wire from the original cables 
of the Mt. Hope Bridge and subjected alternate!) 
to heat and refrigeration and various other kinds 


To date, not a single break has 0 


of abuse. 
curred in any of them. 


have occurred in the sta 


Numerous 3) 


ld 


breaks would 


coils have bee! 
Standards fron 


Although it is possible that hydrogen embri! 


tlement may have been an important facto! 


causing the fractures in the coils in the wire m 


it is believed with confidence tha 


t the fractures 0 


the Mt. Hope Bridge are not to be ascribed to 


From these considerations and other tests | 


be described it was evident that 


erties had not been altered by preforming © 


service on the bridge. 


the tensile pr 


When the heat treated wire was unwou! 


from the 7-ft. shipping reels, it would lie s 
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1 vas recognized that to bend this wire Number Broken Wires in Each Strand 

d the anchor shoe, 19°, in. diameter, - = 

stress it bevond the vield point, and Cable | West Cable 
the elastic limit of the wire was so Anchorace Anchorage 7 

the wire would then be under elastic Aristol| Portsmouth ™ Zorismouth 
was therefore decided to preform each 2 0 

at the loop around the anchor shoe, 5 7 23 10 z0 

by bending it 144 turns around a sheave 5 
in. diameter. When released from this = 
preforming sheave, the loop would spring > 2 “2 ya ? ‘5 
open, because of the high elastic limit of \Oz7 | \7;oe 


the wire, to the approximate curvature of 
the anchor shoe. The loop was then to 
be placed around the shoe where it would “lie 
dead.” and be subjected only to tensile stresses. 
Construction of the bridge had progressed 
to the laving of the pavement when, early in 
Feb. 1920. a few broken wires were observed at 
one of the anchorages. They were scattered 
among a number of the anchor shoes. On Feb. 
” after a snow storm, 65 broken wires were dis- 
covered in one of the strands, and on the follow- 
¢ day, an additional number. All of these frac- 


in 
tures had occurred at or close to the tangent 
point on the anchor shoe. 

The total number of wires that broke at the 
anchor shoes was 402, distributed as shown in the 
table at the top of the next column. As each wire 
broken at the anchor shoe left two loose ends for 
the wires in the cables, the breaks amounted to 
SUL loose ends out of the 4972 parallel wires in 
the two cables, approximately 16°. 

The nominal static load on the cables pro- 
duced a tensile stress in the wire of 32,000 psi., 
about one-seventh of its ultimate strength. In 
all of the studies made at this Bureau, the mate- 
rial in specimens of the fractured wires, taken 
close to the points of fracture, could not be dis- 


aA? 


tinguished, physically or chemically, from that in 
specimens of unfractured wires, or of fractured 
Wires some distance removed from the point of 
failure. The logical conclusion is that the stress 
conditions at the anchor shoes were radically dif- 
ferent from those in the compacted cables. 

The fact that 67°. of the breaks were concen- 
trated at two of the 28 anchor shoes cannot be 
attributed to the chance location at these points 
of wire from one or more bad heats of steel. Wire 
from 21 heats was present in both strands. No 
systematic differences were observed the 
anchor shoes themselves and the equal load dis- 
tribution wire to wire was not questioned. 

In adjusting the sag for each completed 
strand, the anchor shoes at each end were moved 
backward or forward and held by shims. It is 
possible that at the two anchor shoes in question, 
the tensile load on the strand differed from the 
loads at the other strand shoes. 

Several hundred tension tests made at the 
Bureau showed good agreement in all cases with 
specified requirements with the exception. of 
some low values for reduction of area (also ex- 


perienced in the original inspection). In any 


Microstructure of Heat Treated Wire, All 


at 2000 &. At left, air cooled from 


middle of tempering bath; center, air cooled after quench; right, finished wire 


fugust. 1936; Page 


iy 
\ 
Bows: 
a 
2B, 
we 
i 
! 


] 
Tk 
: 


ippearance of Surface of Wire From Mt. Hope Bridge 
ifler Stripping Zine Coating; Left is Heat Treated 
Wire; Right is Cold Drawn Wire. Magnified 6 times 


length of wire, cither from the loop around the 
anchor shoe or from a straight portion, it) was 
found that, generally, one out of seven to ten 
tensile test specimens fractured with practically 
no reduction of area. Very seldom did adjacent 
specimens from the same piece have abnormally 
low reduction of area, hence such wire was ac- 
cepted by the inspectors on a retest at the pro- 
duction plant. 

It was found that the cause of deficient duc- 
tility lay in the surface conditions of the wire. 
When the outer lavers of the galvanized wire 
were removed mechanically to a depth of 0.015 
in., all low reduction breaks were eliminated. It 
is noteworthy also that removal of the galvanized 
coating and the shallower surface defects did not 
cause any marked improvement. The decrease 
in ductility was evidently caused by the more 
deeply seated defects, occurring sporadically, but 
apparently in all of the wire. 

The pitted appearance of the heat treated 
wire as well as the cold drawn wire which re- 
placed it, after stripping the zine is shown at 
6 diameters magnification in the adjoining half 
tone. Deep seated defects in longitudinal section 
appear at frequent intervals in the heat treated 
wire; these are shown at 100 diameters. 

An early suggestion was that the essential 
cause of the fracture might be a slowly creeping 
tensile load on a wire bent to such a curve that 
its extreme fiber was stressed bevond the vield 
point. To try out this hypothesis, specimens of 
wire about 8 ft. long were subjected to static ten- 
sile loads while looped over a support that had 
the curvature of the anchor shoes. Five of these 
units were used. Some of the specimens were not 


preformed, others were; some were hairpins 


from the bridge. The initial tensile load wa. 
0,000 psi., and it was increased by 10,000 ps 
increments at definite time intervals, 

Of the 135 specimens of the heat treated 
galvanized wire, only eight broke tensil, 
stresses less than the nominal ultimate tensi) 
strength, and none at a tensile stress less tha 
120,000) psi. Apparently the elastic bending 
stresses had not much effect in lowering the ef. 
fective resistance of the specimens to static te 
sile loads. It is possibly significant that the Joy 
fractures in the eight specimens all occurred 
the portion in contact with the support. Thirty 
four of this group broke with less than 20°, pe- 


Relatively Deep Cracks, Filled With Zine or Z 
fron Compound, Occurred Frequently in the Hi 
Treated Wire. Longitudinal section, magnified 1 


duction of area at the point of fracture. 1! 
bending stresses acting in conjunction with th 
tensile stresses evidently did tend to caus 
higher than normal proportion of the brittle typ 
of fracture. However, the results of the stati 
loading under combined stresses cannot be a 
cepted as an explanation of the mechanism o! 
failure of the wire on the bridge. 

Next attention was devoted to the endurance 
under alternating loads. Results of extens 
fatigue tests of the failed wire and of the cold 
drawn type of bridge wire have already bev! 
published in Proceedings, A.S.T.M., 1931 and 1 
Tests were made by the rotating beam method 
both varieties of wire —(a) in the galvanized © 
dition, (b) after the galvanizing had bee! 
stripped, (c) then polished and (d) machined ! 
0.150 in. A similar program was carried oul 


a Haigh machine where direct tension lo 


7 


various ranges were applied. The results 
summarized in diagrams alongside, where! 
notable that the unsatisfactory heat treated 
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tisfactory cold drawn wires acted in sub- 


iv the same manner. 
') had been ascertained that in the heat 


d wire the fractures that occurred at 
esses below the nominal tensile strength, in- 
luding those at the anchor shoes on the bridge, 

riably originated at the surface. It was evi- 
dent from fatigue tests on galvanized or stripped 
samples that conditions at the surface of both 
val le ties of wire were causing a drastic reduction 
‘) the resistance to repeated stresses. Except for 
the decrease in the amount of reduction of area 
at the point of fracture in a tensile test, such de- 
fects even when rather deep did not, in general, 
affect the other tensile properties. 

In the case of the failed wire, the minor sur- 
face pits were undoubtedly formed where the ef- 
fects of mill scale or other rolling defects had 
not been ironed out in the one or two drafts the 
wire received in drawing. The cold drawn wire, 
drawn through five dies from hot rolled rod, had 
» much smoother surface with few pits. 


Summary of Fatigue Tests on Bridge Wire 


The wires in suspension bridge cables are 
tension members, and stresses that cause fatigue 
fractures can arise only from fluctuations in 
tensile load. The Haigh machine produces this 
tvpe of loading, and the diagram shows that even 
though the ultimate tensile strength of each tvpe 
of wire was 223,000 psi., the maximum range of 
pulsating tensile stress, at mean stresses from 
90,000 to 150,000 psi. was only approximately 50,- 
OO psi. for the galvanized wires less than one- 
quarter of their ultimate strengths. Moreover, the 
heat treated wire, with a much more severely 
pitted surface on the steel than the cold drawn 
wire, vet had an endurance strength, both with 
and without the zine coating, approximately as 
great as that of the cold drawn wire. 

Of the many specimens of both types of wir 
broken in the fatigue tests, only one of each Ivpe 
was obtained in which the nucleus of the fatigue 
fracture was in the interior of the section. Both 
were machined specimens. This fact is one item 


of evidence that internal cracks or fissures in 


Points plotted at zero ordinate were secured in re fating 


beam style of test. Other points, such as A, A’, were secured in a Haigh machine, where direct 
tension can be imposed and varied systematically. Lines marked “Theoretical Goodman's Diagram” were 


added by the Editor, and represent the expe 


cled safe stress range for material with unblemished surface 
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the heat treated wire, or an undue num- 
of 
practice were not a cause of its failure 


ber inclusions, or incorrect melting 
on the bridge. 

These results prove that if the heat 
treated wire failed by fatigue at the an- 
the bridge, it did not 
occur because its strength was less than 
that 


placed it, for the latter was subjected to 


chor shoes on 


of the cold drawn wire which re- 
the same loading conditions during the 
reconstruction of the bridge. It does not 
follow, necessarily, that under the same 
loading conditions at the anchorages, the 
stress conditions in the portions looped 
around the anchor shoes were the same 


in the two types of wire. 


Stress-Strain Curves of Two Varieties of Bridge 
Wire of Equal Ultimate Strength. Average of 


fen determinations, Note lower proportional 
limit) and modulus of cold drawn wire 
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It was apparent, therefore, that a knowledge of ¢), 
stress conditions in the wire at the points where t! frac- 
tures occurred would be most useful to the investiga. 
tion of failed loops at anchorages. 

A total of 1181 hairpins from the bridge were traced 
on a lay-out floor, and the deviation between the curya. 
ture of the “strain free” or unloaded wire and its curys. 
ture when snugged close to the anchor shoe was deter. 


mined. Not a single wire, of all those examined, was 
curved to fit accurately the curvature of the anchor sho 
Many had reverse curves; others contained rather sharp 
bends or kinks. 
which had coincided with the midpoint of the circula 


In practically all of the wires, the poin 


curve on the anchor shoe was not at the midpoint of th 
curved portion of the wire. The preforming operation 
had failed completely in accomplishing its purpose ot 
shaping the wire to fit the anchor shoe; indeed, in many 
cases the wire had been deformed so that, when snugged 
close to the shoe, bending stresses were induced that wer 
greater than if no attempt had been made to shape th 
wire to fit its end bearing. 

The cold drawn wire in the “hairpins” used to repai) 
the broken wire on the bridge was curved regularly and 
uniformly on a 40 in. radius when released from later 
constraint. It is easily calculated that bending deflections 
in many of the heat treated wires, when they were forced 
to the shape of the anchor shoes by a tensile pull on th 
wire, were greater than the bending deflections imparted 
to the cold drawn wires in the same manner. 


Cold Drawn Wire Deforms Plastically 


A study of the stress-strain relations in tensile tests 
of straight specimens of both types of wire, is summarized 
It discloses that for equal di 
the h 
In these tests the 


in the adjoining diagram. 
flections (strain), the stresses were greater in 
treated than in the cold drawn wire. 
specimens were loaded progressively, each increment | 
load being held only for a sufficient time to read the es 
tensometer. The proportional limits were determined }) 
the method proposed by L. B. Tuckerman using a devia 


tion of 0.00002 in. per in. as a criterion. The modulus o! 


elasticity of each specimen was computed as the averag' 
slope of stress-strain curve as far out as the propo! 
tional limit. 

Determinations were also made of the permanent se! 
after release of tensile stresses maintained for 1-hr. ane 
i8-hr. periods. A new specimen was used for each ¢ 
termination. The tabular results on the next page slic 
that in the heat treated wire there were no significant di! 
ferences between the permanent extensions after 1 !! 
and 48 hr. until 184,000 psi. was reached. In th: 
drawn wire the permanent extensions after 48 hr. 
stresses of 150,000) psi. and higher were appre iably 
Of more significa 


col 


it tl 


greater than those produced in 1 hr. 
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S fact that the permanent extensions for a 
| stress in the cold drawn wire were greater 
+ hose in the heat treated wire, and that 
occurred in the cold drawn wire at stresses 
the vield strength (182,000 psi., the stress 
for 0.79" strain). 

rhese results were checked qualitatively by 
observing the spring back of straight wires pulled 
down over anchor shoes with given tensile 


siresses held for varying time. 


Permanent Set m 6rn. 
After Stay Under Tensrle Stress 
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PS oe ry... ry 
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All these results were in accordance with the 
conclusion that elastic bending stresses existed in 
the loops of the heat treated wires around the 
anchor shoes which were greater than those in 
the corresponding portions of the cold drawn 
wires when the cables were replaced. 

However, if these elastic bending stresses re- 
sulted from constant tensile loads, or from con- 
“inuously increased tensile loads, applied by the 
pull of the cables on the anchor shoes, they were 
not sufficiently greater in the heat treated wire to 
account for its failure on the same bridge where 
the cold drawn wire has proved to be adequate. 
When the tensile stresses resulting from the pro- 
gressively increased tensile loads became equal 
to the elastic limit, plastic extension took place, 
causing a decrease in the elastic bending stresses, 
and the tensile stresses then became the pre- 
dominating factor. If, however, the tensile load 
on the wires fluctuated from its maximum value, 
at any instant, to a lower value, the elastic bend- 


' View of Testing Fixture Simulating Conditions at 
inchor Shoe. Load may be applied in a static, in- 
sing or fluctuating manner by control of weights 

ne rear end of a lever system. When the siraight 
ns of the wire are held straight, as with the nine 
yokes shown, they develop normal endurance 

's, but when periodic relief of load causes slight 
es in the curvature at or near the loop (no yokes 

nt failure’ occurs at abnormally low values 


ing stresses in the wires would also fluctuate 


over a range, provided that the decrease in ten- 
sile load permitted a change in the curvature of 
the wires. 

Only circumstantial evidence is available to 
show that during construction of the bridge the 
tensile pull did fluctuate. Such fluctuations come 
especially from wind forces occurring during 
the spinning operation. (Visible oscillations of 
the cables were noted by observers from the Na- 
tional Bureau of Standards at the time the bridge 
was dismantled.) 

It was evident that the maximum change in 
elastic bending stress would occur when there 
was a decrease in the tensile pull from a mavxi- 
mum value which was just suflicient to hold the 
wire closely to the contour of the anchor shoe. 
Such conditions undoubtedly occurred during 
the spinning of the cables. 

Such fluctuating tensile loads were obtained 
in the laboratory by alternately removing and 


replacing suitable counter weights at the end of 
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designed to test a loop of wire by 
static and creeping loads. The 
specimens were looped over the 
semi-circular support on top of the 
frame, and the load at the rear end 
of the loading lever raised and 
lowered by a motor-driven cam. 
This program of tests is sum- 
marized in the S-N diagram. For 
the same conditions of curvature of 
the specimen and ranges of tensile 
load, no differences in results were 
observed between wire recovered 
from the bridge and the new wire. 


Maximum Tensile Stress in Cycle, 


The galvanized coating was present 50,00 
on all specimens. <A tensile stress of 
approximately 50,000) psi. re- 

quired to pull the specimens of both O 


types of wire into position over the 
support so that a further increase in 
tensile stress caused no apparent 
change in curvature of the speci- 
men. In the range 0 to 50,000. psi. 
small changes in tensile stress caused visible 
changes in curvature of the specimens. The great- 
est change in curvature occurred when the tensile 
stress was changed from 50,000 psi. or higher to 
the minimum obtainable in the apparatus. 

In general, at equal ranges of tensile stress, 
the cold drawn wire endured a distinctly greater 
number of eycles before fracture than did the 
heat treated wire. Although there is considerable 
scattering of the plotted points from a smooth 
curve, the S-N curves show the increase in num- 
ber of eveles as the maximum tensile stress of 
the range was decreased, with a definite trend to 
a constant range within which fractures were not 
obtained in one million eveles. For the heat 
treated wire, this range was only from 600° to 
10,000 psi., a rather startling fact for wire with 
an ultimate tensile strength of 225,000 psi. and 
mounted as a tensile member in the same man- 
ner as it was installed on the bridge. This para- 
dox is due to the fact that fractures were directly 
the result of the range of bending stress incurred 
when the tensile loads were alternately increased 
and decreased. 

In all of the specimens of both types of wire, 
the fractures occurred without any deformation 
at the point of fracture. The surfaces of fracture 
had the distinctive characteristics of fatigue frac- 
tures with the point of origin at the surface of the 
wire. The appearance of the fractures in the heat 
treated wire has a striking similarity to those that 
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Stress-Cycle Diagram Showing Early Failure in Loops of Wire | 
Fluctuating 


Loads When Tested in the Fixture Shown on Pag 


occurred on the bridge, also shown in the phot 

graphs on page 67. Many broken ends of wires 
recovered from the bridge were sectioned long 

tudinally, through the surface of fracture. A vor 

few were found to contain deep pits filled wit 

zine at the apparent point of origin of the fra 

ture, and they undoubtedly hastened the progress 
of the fracture. 

When the heat treated wire specimens w 
preformed to fit the support, so that very lilt! 
bending took place as the tensile loads wer 
creased and decreased, the range of tensile stress 
to permit one million cycles without fracture was 
increased 2.5 times, as shown by the upper curves 
in the graph. Even under these circumstances 
the range, 600 to 25,000 psi. was less than the sa! 
range of pulsating tensile stress under pure! 
axial loading conditions (Haigh machine). 1! 
indicates that it was impracticable to  pretor 
this wire at the bridge so as to avoid damagii: 
bending stresses in the loops at the anchor shoe 
when the tensile loads fluctuated. 

For the cold drawn wire, not preformed, #! 
range of tensile stress, when the minimum We 
less than 1000 psi., was also surprisingly lov 
When this wire was carefully preformed it 
possible to raise the maximum tensile stress | 
45,000 psi. without causing fractures in one ml 


lion cycles. This range was almost as larg’ 
the safe range of pulsating tensile stress obtain 
in the Haigh machines on straight specimens 
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it was evident that the tensile stresses 


wuld not have caused the fractures, but 


eS ey were a direct result of bending stresses, 
observations were made of the behavior of speci- 
mens subjected to fluctuating tensile stresses but 
~» constrained that the changes in curvature were 
as small as possible. By means of rigid braces 


fastened to both limbs of the U-shaped speci- 
mens practically no bending of the specimen oc- 
curred when the tensile loads fluctuated. Instead 
of breaking in from 500,000 to 1,000,000 cycles of 
tensile stress ranging from 600 to 10,000 psi. it 
was possible to raise the maximum stress of the 
evele to 40,000 psi. without causing fractures in 
eveles. 

In summary, the results of the fluctuating 
tensile load tests showed that it was entirely pos- 
sible to produce fractures in the bridge wire as 
the result of fluctuations in tensile load, when the 
tensile stress at no time exceeded the maximum 

culated for the wire in the cables of the Mt. 
Hope bridge at the time it was dismantled, and 
the fractures on the bridge were the result of the 
same kind of stresses as those that caused the 
fractures in the fluctuating tensile load tests in 


the laboratory. 


DISCUSSION 


By Ernest E. Thum 


Editor, Merat Progress 


ANY FACTS about the performance of the 

heat treated bridge wire during manufacture 
are contained in the comprehensive paper by Messrs. 
Swanger and Wohlgemuth, which have hitherto been 
held confidential. Consequently it is an essential 
document in the history of suspension bridges and 
bridge wire. The above abstract, necessarily brief, 
omits most of the data already well known and pub- 
lished previously in a literature now grown rather 
extensive. 

Numerous hypotheses have been advanced as to 
the reason why heat treated wire failed in service 
Whereas cold drawn wire has been uniformly suc- 
cessful for suspension bridge cables, even though the 
former passed the usual acceptance tests. The prin- 
cipal ones were examined by the Editor of Metal 
Progress in four articles starting in June, 1932. Fail- 
ure was not due to abuse during erection nor abuse 
during manufacture. It was not due to the use of 
steel unsuitable in analysis or melting practice. Fur- 
thermore the constitution of the heat treated steel 
was Stable and has not changed since the wire was 

(Continued on page 8?) 


Fractures from Mt. Hope Bridge, Magnified 6 


Fractures Produced 
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ATY TOOL STEEL 


is tested for 


hardenability 


HE CONSEQUENCES of selecting and 

using an unsuitable type of steel for a given 

application are well known. In general, 
the grade of steel to be used for a certain part or 
tool is determined by experience — that is, either 
by trials under actual service conditions or by 
analogy with the performance of other parts and 
tools operating under conditions similar to the 
particular job under consideration. 

This method of selecting alloy steels, espe- 
cially those which are most commonly used in 
the automotive industry, has resulted in a multi- 
tude of specifications based principally upon 
chemical composition and physical properties. 
In the case of tool steels, however, the problem 
of defining one’s quality requirements in a more 
or less clear-cut specification is considerably more 
difficult because of the lack of a standard yvard- 
stick which would allow us to evaluate certain of 
the essential properties and characteristics of this 
Class of steel. 

Aside from the approximate chemistry of the 
tool steel, its hardness, and (possibly) the struc- 
ture in the as-received condition, the consumer is 
buying “tool steel making ability” today, as he 
always has in the past. 

This “tool steel making ability” which per- 
mits the steel mills to manufacture a product 
whose response to heat treatment and whose serv- 
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By Reinhold Schempp 
NMetallurgis 

Halcomb Steel C 

Syracuse, N. ) 


ice performance is consistent and uniform, rep: 
sents a combination of experience, technica 
knowledge and continued scientific research, a 
may well be termed the function of tool ste 
“quality.” While experience has unquestional 
been the basic teacher in the development of stv 
making practices, it is the technical understand 
ing, together with the unceasing search for the \ 
unknown, which is now responsible for quali! 
control in tool steels. 

In the following a brief description ts j 


sented of some of the most frequently discussed 


features of quality control, that is, hardenabilils 
and hardening characteristics of straight cat 
tool steels. 

Hardenability, as the name implies, ts 


steel’s ability to respond consistently to a hea! 


treatment in such a manner as to prodvce a ce! 


tain depth of hardened (martensitic) cas 
must be recognized that this term may only !' 


stru 


used when size and section (mass), pric! 
tural conditions, heating time and temperatur 
as well as the quenching medium, are know! @ 
held quite constant. 

Since the depth of hardening is solely « 
pendent upon the “critical rate of cooling fre" 
hardening temperature, hardenability 


must necessarily cover all the factors wh 


lhe m 


influence this cooling rate or speed. 
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features of the No.9 No./0 
technique, that 
ure and nature of AZ 
nedium, are rather at 
to control it iG 
obvious that it is | 
es tural condition of 
specimen at the time of 
wnching which is the real 
5 
tor controlling the steels 1 
When speaking of the S 
hardening characteristics of 
tool steels, we refer to the 4 11 V4 
herent properties of indi- 
vidual melts which govern \4 
the steels response to heat tot 
treatment in general. This 


mse i ot necessarily 
response Is 0 . Disks of High Carbon 
onfined to the case depth 
Hardenability Number 


ind grain refinement, which 
to Thickness of Fully 


mav be obtained in the 
juenching various 
temperatures, but includes the steel’s response to 
such treatments as normalizing and annealing. 

It is readily seen, then, that while the harden- 
abikty of tool steels cannot be considered an 
ibsolute constant, it is truly an inherent charac- 
teristic and must be held consistently and uni- 
formly within certain limits if we are to speak 

quality control of our melts. 


Tests for Quality Control 


In order to insure uniformity and consistent 
service performance, it has been essential for the 
maker of quality tool steel not only to depend on 
lis ability to control the melt, but also to devise 
testing procedures which would allow a routine 
ieck on the inherent characteristics of each in- 
(ividual heat and its classification, and, subse- 
\uently, an intelligent application of the product. 
‘he following will give a brief description of 
some of the tests to which, aside from chemical 
alysis, every melt of high carbon tool steel 
material is being subjected by the Halcomb 
Steel Co. 


Hardened Under Definite Conditions, 


No.11 Classification According to 
—- Inherent Characteristics — To 

A | determine the inherent harden- 

{YA | ing characteristics of a heat, 
VA representative test) specimens 
VA from full size ingots are hot 
1} worked, and subsequently ma- 

| chined to *,-in. round by 3-in. 
a long pieces, five of these pieces 
being prepared for each heat of 
hvper-eutectoid carbon steel 

| ' and four for heats of eutectoid 
or hypo-eutectoid composition. 
After a precautional 16007 F, 
oil treatment, one specimen is 

¥ hardened by brine quenching 
from each of the following 


hardening, each piece is frac- 
tured in the center, one-half of 
Is Proportional these pieces are ground flat and 
Hardened Dish etched in 1:1 hydrochloric acid 
to show clearly the depth of 
hardening, and the other half is visually exam- 
ined for its fracture grain condition. The case 
depth (martensitic area) is measured in 614ths of 
an inch. The texture of the fracture (case) is 
rated by comparison with Shepherd's Fracture 
Grain Size Specimens, ranging in numbers from 
No. 1, open and coarse to No, 10, fine and silky. 
For instance, if this test shows that the “,-in. 
specimens hardened from 1450), 15005, 1550) and 
16007 F., have hardened case depths of 7 64,8 64, 
10 64 and 12 61 in. respectively, and a fracture 
grain condition rated as 9, 9, 8's, 8 the heat classi- 
fication would be noted as follows: 


7, 8 10, 12 —9, 9, 8. 


The fifth specimen which, as before stated, is pre- 
pared only on hyper-eutectoid melts, is given a 
1450° F. 
treatment) and hardened by brine quenching 
from 14500 
fracture grain appearance are then measured and 


anneal (subsequent to the 16007 F. oil 
The hardened case depth and the 
observed as noted above. 


Hardenability 
a definite hardening treatment (that is, its hard- 


The response of the heat to 


enability) is determined (a) on hyper-eutectoid 


Step Down Test Piece for Determining Hard- 


enability of Eutectoid and Hypo-Eutectoid Steels 


Hardened Case on fracture _ 
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steels by the well known slab test. Duplicate 
sets of 2°,-in. round disks are machined and ac- 
curately ground to three definite thicknesses, the 
required thickness being a function of the melt- 
ing practice employed in making the material 
under test. That is, if the desired stock was one 
which when quenched from 1420° F. will just 
harden through a 9 $2-in. section, the thicknesses 
of the small slabs machined would be 9 32, 1032, 
and 11 32. 

After the oil quenching from 1600°. F., 
which is used to eliminate any variation or pos- 
sible influence of prior structural conditions, one 
set of disks is hardened from 1420° F. and the 
other from 14400 F. 
quenching fixture. The hardened disks are cut 


in brine, using a special 


in half by a friction wheel, the cross section of 
one piece then being polished and etched in 1:1 
hydrochloric acid to give a sharp demarcation 
case and core. The hardenability rating is the 
numerator of the fraction in $2nds measuring the 
thickness of the thinnest disk which shows a 
definite soft core. In other words, if the 9 32 
disks have hardened through and the 10 32 disks 
show a slight core, the material would be rated 
as having No. 10 hardenability. This is the Shep- 
herd hardenability rating; it has been well de- 
scribed by the sponsor in Merat Progress, Feb., 
1951, page 51. 

(b) On eutectoid compositions hardenability 
is judged by a so-called stepdown test which is 
earricd out in the following manner. Represen- 
tative test pieces are made into 1-in. round x 
12-in. long specimens and annealed at 1150" F. 
These pieces are then machined in 1!.5-in. steps 
ranging in size from 14 16 in. to 7 16 in. diameter, 
in increments of 1 16.) (See sketch on page 69.) 
After a 16007 F. oil quench, these test specimens 
are brine quenched from 1475” F. in a vertical 
jig. Each step is then centrally cross sectioned, 
polished, etched and examined for hardness pene- 
tration. The hardenability rating is evaluated by 
using the numerator of the section diameter in 
l6ths which shows the first indication of a definite 
core. (The reason for rating the slab-harden- 
ability test results in 32nds of an inch and the 
stepdown hardenability test results in 16ths is 
that the slab test is more sensitive to slight varia- 
tions in the steel on account of the rather thin 
sections which are being hardened.) 

After choosing suitable steel for specific or- 
ders, careful cleaning of billets, finish rolling or 
forging under pyrometrically controlled heat, the 
finished and annealed bar stock is checked by the 
following inspection methods: 


1. Block test for the annealed fracty,, 
inspection. 

2. Bench inspection for surface condition 
and size. 

3. 100°. disk inspection for hardness, maero 
etch, hardened fracture and decarburization. 

Judicious interpretation and correlation of 
the results obtained by these various tests permit 
the commercial manufacture of tool steels haying 
superior quality characteristics, capable of meet- 
ing the consumers’ ever-increasing demands for 
higher production and more severe service, 
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Hardness Depth Curves 


Type 2 Grades More Gradually in Hardness Fr 
Inward than Type 1; Higher Quenching Tem 
Drive Hardness Deeper Without Coarsening the | 


As an example, take the mill's typical classi- 
fication of heats of straight 1.00 to 1.10° carbo. 
tool steel. Based on the inherent characteristics 
of the melt, these are definitely differentiated 
among four types. 

Type 1: Melts of this type are inherently 
rather shallow hardening. With increasing 
quenching temperature they show practically 
increase in the martensitic case depth of th 
8, in. round specimen and their fracture grat! 
refinement is fairly fine, regardless of quenching 
temperature. 

Type 2: With an increase in the hardening 
temperature, material of this type will show som 
increase in case depth, which is accompanied will 
but little or no coarsening of the fracture gral! 
appearance. 

Type 3: 
ing temperature will show little if any incre 


This type with increasing 4 yench- 


as 


. . 
(Continued on page 


in case depth, but 


Metal Progress; Page 70 


. 
. 
2 ec 
“ 
if 
| 
| 
\ 
{ 
Pope 
| 
1. 
q 
~ 


fugust, 1936: Page 71 


is vacation time. 
Millions of people are 
away. Other millions are getting 
ready for trips—to mountains and 
seashore and lakes—to the coun- 
try or to foreign lands. 

Distance doesn’t matter any 
more. Your family may be scat- 
tered temporarily to the four 
winds—children at camp, mother 
visiting back home, father at the 
office—but all may be reunited 
again, instantly, by the simple 
calling of a number. 

The telephone helps in many 
ways to make your vacation 
happy and carefree. Say the 
word and it will run down to the 
store and do your last-minute 
shopping. Stop off at the railroad, 
bus or steamship oflice for infor- 
mation. Enable you to reserve 
hotel accommodations. Say good- 
bye to friends or carry a reassur- 
ing word of your safe arrival. 

Day or night you can be many 
places—quickly, efliciently, and 
at small cost— by telephone. 


we 
OVERSEAS telephone rates to 
‘ 
most countries are now reduced. 


ay 
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considerable coarsening of the fracture grain size. 

Type 4: With inereasing quenching tem- 
perature, melts of this type will show a material 
increase in both martensitic case depth and frac- 
ture grain size. 

Although material of Types 1 and 4 have a 
definite place for certain applications, while Type 
3 material is naturally undesirable, Type 2 has 
rightfully carned for itself the name “general 
utility type.” With it the user can obtain the de- 
sired depth of hardening on any reasonable size 
of part by simply adjusting the quenching tem- 
perature that is, small sizes and sections are 
preferably quenched from the normal hardening 
temperature of approximately 1450) F., while 
tools of larger cross section and mass may be suc- 
cessfully quenched from higher temperatures, up 
to about 160Q) 

The reason for this deepening of the case, 
with quenching temperature, in Type 2 material 
may possibly be a substantial transition zone be- 
tween the case and core. Material of Type 1 
shows a very sharp line of demarcation between 
case and core and a quick hardness drop from ap- 
proximately C-65 to C-62 to about C-18 to C-1o; 
while in Type 2 a transition zone exists between 
the case and core with gradually diminishing 
hardness. This is shown in the accompanying 
diagram on page 70. Consequently, any increase 
in hardening temperature will result in a suf- 
ficient additional suppression of the austenite- 
pearlite transformation as to permit part of the 
before mentioned transition zone in Type 2 to be- 
come fully martensitic — in other words, add it- 
self to the hardened case. 

Another rather interesting feature about 
prior structure is probably well known to many 
practical heat treaters and metallurgists, vet has 


not been discussed a great deal in literature: 


With constant quenching temperature and similar 


hardening conditions (the quenching tempera- 
ture however, not being higher than approxi- 
mately 50 to 75 above Ac.) hyper-eutectoid 
carbon tool steels will harden deeper when 
treated from a prior spheroidized structure than 
when quenched from a sorbitic or partially lam- 
ellar pearlitic structure. 

An explanation for this phenomenon, which 
is readily recognized as a matter of carbide solu- 
tion, was attempted by determining the effect of 
the structural condition upon the excess amount 
of carbide present hyper-eutectoid steels 
(1.065, carbon). By dissolving representative 
samples of different structural conditions in cold 
nitric acid (88°, HNO.) the following results were 


obtained: 0.35. of carbon was diflicultly soly 


in a sample with completely spheroidized sy 


ture (Rockwell B-83) ; corresponding results y, 
0.11. for sorbitic structure containing many 
particles of carbide (Rockwell C-39) and 0) 
for 70‘. lamellar pearlite (C-32). 


The greater hardness penetration obtained 


when quenching hyper-eutectoid steel from 
fully spheroidized prior structural condition. 
probably due to the effective carbon, at the tip 


of quenching, being close to the eutectoid compo: 


sition (the excess carbon or carbides being jj; 


difficultly soluble state or soluble only at a my 


higher temperature). Quenching the same typ 


of material from a prior structure which: is sop. 


bitic or partially lamellar pearlitic will prody 
a shallower type of hardened case, becaus: 
der these conditions the material will react 
cording to its true carbon content. 

On carbon tool steels of cutectoid compos 
tion, the foregoing will naturally be reversed 
that is, deeper hardening will be obtained | 
quenching from a sorbitized or lamellar pearlit 
structure than from a spheroidized structur 

During a detailed study of the basic caus 


for the relationship between prior structure and 


hardenabilitvy, we have checked the findings 
previous investigators, and find that the con 
parative rating of the prior structural conditio 
regarding the respective time to change con 
pletely to austenite (transformation rate) is a 
proximately in the following order: 1. Sorbhil 


2. Finely lamellar; 3. Finely spheroidized 
1. Coarsely lamellar; 5. Coarsely spheroidized 


6. Very coarsely spheroidized; 7. Very coars 
lamellar. 

The question as to whether the varying ti 
is actually the result of greater solubility of | 
excess carbide constituents when present in tl 
various forms, or whether this is entirely a me 
ter of increased solvent power of the matris. 
open for further work and discussion. 

Concluding the foregoing discussion of )! 
ent day quality control for tool steels in 
maker's mill, we may point to the importance 
the care, technical knowledge and experic! 
which must be exercised. The economic us 
modern machinery and equipment in all ie 
tries is but the result of the progress which ! 
been made in the production of superio! 
steels. It will be recognized that the great amo 
of testing which has to be carried out during | 
making of tool steel is, therefore, an esse!!! 
means of giving the consumer a quality proc! 


which will insure uniform and consistent ser 
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MOLY for WEAR 


WHENEVER a product is faced with stiff operating re- 
quirements, price is not the final measure of its value 
or economy. “How well will it wear? How long will it 
last?” Its answers are the real sales-closing factors. 

A manufacturer of fuel-oil pumps found that out. 
His competitive success, he discovered, depended on 
the steel he selected for rotors. It had to have excep- 
tional hardness to resist wear and to combat the 
corrosive effects of various types of fuel oils. 

A Chrome-Moly (SAE 4130) cyanided rotor was 
the solution. Not only was it found to take an ex- 
tremely hard case, but it involved less hardening 
and machining costs. Thus, while searching for one 


advantage, two were found, viz., higher quality and 
lower production cost. 

Your problems may be simpler. Or they may be 
even more complicated. In either case, it will pay you 


to investigate Moly steels. Their almost limitless range 


of applications is envisioned in our technical book. 
“Molybdenum.” We invite engineers and production 
heads to write for it. Also ask to be placed on the 
mailing list of our periodical news-sheet, “The Moly 
Matrix.” And—if you've a peculiar alloy problem 
needing further study, our experimental laboratory 
facilities are at your command. Climax Molybdenum 
Company, 500 Fifth Ave., New York City. 
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‘Lad, speaking of high- 
average batters, here are 
three I’d like you to work 
on... They are SHOCK, 
IMPACT and ABRASION.” 


“A SHUT-OUT, Pop! 


They'll batter no more with 
these hard-facers in the box!” 


“MANGANWELD’’_ reclaiming worn austenitic 


manganese steel parts containing 11%-14% manganese. 
Deposit has wear-resisting qualities equal to those of 


heat-treated cast manganese steel, 


“HARDWELD”— carbon electrode —for building 


up worn surfaces — produces dense, tough deposit of 
moderate hardness. to resist shock and abrasion. 


“WEARWELD’— 4 shicided-are electrode for refacing 


parts subjected to rolling or sliding, batter, sand-abrasion 


and repeated impact. Unusually hard. tough deposit. 


“ABRASOWELD’_ 1... building up straight-carbon 


steel. low-alloy steel or high-manganese steel surfaces 
Where pronounced battering and impact are not en- 
countered, Deposit is self-hardening—highly resistant 


to corrosion. 


“TOOLWELD’— conten electrode for building super- 


speed cutting edges on cold rolled stock. Users report 
deposit lasts even longer than high-cost tool steel. Also 
used for refacing worn cutting edges on cutting tools, 


dies. ete.. of high-speed steel. 


The coupon will bring you a handy guide covering 
the subject of hard-facing procedure in detail. 


THE LINCOLN ELECTRIC COMPANY 
Dept. MM-274, Cleveland, Ohio 


Please send me a free copy of How to Make it Wear Longer. 
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MERICAN Electric Furnace Company, | 

Boston, Massachusetts, are manufacturers | ‘ 

and builders of furnaces for the heat treatment | 

of steels. 

NORTON COMPANY _ 

WORCESTER, MASS. They are fully aware of the problems involving . 

New York Chicago Clevelend HEARTH PLATES and other REFRACTORY | f 

FURNACE PARTS. It is because of their , 

practical experience in these matters that they is 

avail themselves of the added INSURANCE of 

NORTON REFRACTORIES. | 

CRYSTOLON (silicon carbide) Hearth Plates : 

will do a good job in your furnace and you A 

will be pleased with the longer life. = 

NORTON 
REFRACTORIES a | 
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BRIDGE WIRE 


(Discussion begins on page 67) 

accepted by mill inspectors. The surtace smoothness 
of both varieties of wire is damaged by pickling and 
galvanizing (the heat treated wire much more ex- 
tensively than the cold drawn), but the failure seems 
to be due to conditions inherent in all parts of the 
wire as made that is, to an essential difference be- 
tween the microstructure of quenched and tempered 
versus cold drawn steel. 

With these conclusions Messrs. Swanger and 
Wohlgemuth agree. 

As a result of an intensive study made early in 
1929 (immediately after news of the failure) the 
present writer concluded that the then discoverable 
facts fitted into the hypothesis that the fractures were 
due to the inability of heat treated, galvanized wire to 
withstand a slowly creeping load. This hypothesis 
was discussed with numerous interested engineers 
and the investigators at the Bureau of Standards. 
All straight wires curving around the anchorage 
shoes and some unfavorably placed ones squeezed 
under the cable bands at the suspenders were bent 
so that the extreme fiber was stressed beyond the 
elastic limit; this stress was never relieved in tact, 
added to it was a slowly increasing tensile load as 
the bridge was completed. Similar conditions exist 
(although of somewhat less intensity, as Swanger 
and Wohlgemuth demonstrate) in cold drawn bridge 
wire, but the essential difference, in my opinion, ts 
that the heat treated wire is so stiff in its internal 
structure that it cannot vield readily at minor surtace 
imperfections existing at such highly stressed 
elements and acting as “stress-raisers,” and = redis- 
tribute the stress to neighboring regions in the cross 
section. Hence a splitting type of fraciure with no 
contraction of area occurs under slowly creeping 
loads beyond the elastic limit. Cold drawn wire, 
on the other hand, is much more plastic and has a 
low creep limit at atmospheric temperature, so the 
danger from scratches, notches or slag specks at the 
surface is much less. 

If this hypothesis were true, it should be possible 
to duplicate the fractures occurring on the bridge by 
laboratory tests. H. F. Moore tried it at the Uni- 
versity of Illinois on a few samples of spring wire 
none of the suspicious bridge wire being procurable 
by him with negative results (See Metal Progress, 
Sept. 1933). On the other hand W. A. Slater and 
M. ©. Fuller at Lehigh University tested nine pieces 
of the heat treated bridge wire bent around a 9°, in. 
radius and then loaded by increments starting at 
84,000 psi. One broke while hanging overnight un- 
der the initial load, none withstood more than 
201,500 psi., and all broke with a silky fracture, angu- 
lar (no cup and cone), and no reduction of area. 

Five testing machines were built at the Bureau of 


Standards for testing loops of wire, and [35 


were made, with step-up loads starting at 


Only eight broke at less than the nominal! u|tiy 


tensile strength but none less than 120,000 


an increment of 30,000 psi.), while 34 had less | 


20°, reduction of area and therefore were class 
the investigators as a “brittle type of fracture.” | 


their own tests Messrs. Swanger and Woh! 


concluded that “the results of the static “and stey 


loading under combined flexural and tep 


stresses cannot be accepted as an explanation 

mechanism of failure of the wire on the bridgy 
The present Editor would have proposed 

word “complete” before “explanation” thy 


sentence. As will be developed later, and even i) 


light of the tests at Lehigh and Washington, cre: 
loads cannot be entirely absolved from guilt 


strength of heat treated wire and its vield poi 


223,000 — 189,800) or 33,200) psi. The lowest br 


experienced at the Bureau of Standards ocy 
after stepping up the load 30,000 psi. Lastly th: 


puted load on the cables at Mt. Hope when tract 


were first found was 32,000 psi. This agreemy 
figures may be accidental, but then again may 
some significance as to the minimum tensile str 


It 
noteworthy that the difference between ultin 


of this heat treated wire when a tensile load is su; 


posed on bending stresses beyond the elastiv 


Possibly a considerable degree of external rest) 


is an auxiliary requirement. 
By further consideration of the special! 
lions existing where the bridge wire starts be: 


around the anchor shoe (the locus of most of 


trouble), Swanger and Wohlgemuth were led 
supposition that the tension was not relat 


quiescent but rapidly fluctuating. Extensive and va 


able fatigue tests on both heat treated and cold d 


wire were then made and developed their endurs 


as galvanized, as stripped, and as machined dow 


solid metal. It was discovered that a hair pu 


heat treated wire, bent around an anchor shor 


pulled taut, would break if the pull were fuctu: 
between 600 and 10,000 psi., whenever the exp 


mental set-up was such that this range in t 
stress permitted the bent wire at the shoe to ce! 
its curvature by * 
minor changes in tensile stress ind.ced 
changes in flexural stress, beyond the end 


limit of the material, and fatigue failure resultec 


+} 


Since the investigators are able to break 
treated wire in laboratory tests at low tens! 
and the fractures certainly look like the on 
occurred on the bridge, the presumption 
strong that they have hit upon the right trach 
only questions left to consider are 

(a) Did rapid fluctuations of 10,000 psi 
occur in the bridge wire? 

(b) Why did so many wires break | 
cable clamps at the suspender wires? 

(Continued on page 84) 
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INA GOOD 


Ask the Good Roads Machinery Corporation, 


of Kennett Square, Pennsylvania, why they use 


Chromium-Vanadium Steel in the eccentric shaft 
of their heavy duty crusher and they will tell you, 
as they told us: “There can be no weak spots in 
a good rock crusher; therefore we spare nothing 
when it comes to materials that will provide the 
required strengths for this severe service. We 
tried various other steels for this unit, (i. e., the 
eccentric shaft), but found chromium-vanadium 
steel the most satisfactory and adopted it as 
standard in these machines.” 


Vanadium Steel has solved many a problem for 


FOR STRENGTH - TOUGHNESS: DURABILITY 


man), to pieces of 4, or less 


one operation. The eccentric shaft 


is Chromium-Vanadium Steel. 


designers of heavy duty machinery. The useful 
strength of Vanadium Steel, its exceptional tough- 
ness and high resistance to fatigue make it ideal 
for shafts and other severely stressed parts. 
Whether your steel problem involves heavy 
duty forgings or light parts, the Metallurgists 
of the Vanadium Corporation will welcome the 


opportunity to confer with you. 


VANADIUM CORPORATION OF AMERICA 
120 LEXINGTON AVENUE, NEW YORK, N. ¥ 


Plants at Bridgeville, Pa., and Niagara Falls, N. Y 
Research and Development Laboratories, Bridgeville, Pa 


VANCORAM accovs 


FERRO ALLOY 


fugust, 1936: Page 83 


Can Be No Weak Spots 


Good Roads hampion Rock Crusher, 
desiened to reduce “one stone 
( pieces about 10 inches in diameter, 
which can be handled by a husky 


m 


most important part of the crusher, 


Ss 


of vanadium, silicon, chromium, 
and titanium, produced by the 
Vanadium Corporation of America, 
are used by steel makers in the 
production of high-quality steels. 
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BRIDGE WIRE 


(Discussion begins on page 67) 

(c) Why were the breaks at the anchorage con- 
centrated largely in strand No. 1 of the east cable at 
the Bristol end of the bridge, and in strand No. 3 at 
the Portsmouth end of the west cable? 

In answer to Question (a), it is unfortunate that 
Messrs. Swanger and Wohlgemuth could not extend 
their paper to include a mathematical analysis ol 
the vibrations in the Mt. Hope bridge wire caused by 
side winds, the principal cause of rapid fluctuations, 
and an estimate of their effect on the tensile load. 
Lacking such analysis it is hard to imagine condi- 
tions that would cause a relief of 10,000 psi. in direct 
tension, when the stress in the wire due to its own 
weight is no more than 5,360 psi. at the anchorage. 
Wind vibration effects would probably be worst dur- 
ing early stages of spinning, when the individual 
wires are hanging free, for as soon as a strand is 
spun it is bundled together at intervals along its 
length, and of course the complete cable is tightly 
compacted and bound into a quite stiff unit. Yet no 
breaks occurred in the cable in this early, flexible 
stage; they were first observed when the bridge was 
nearing completion and the whole thing was rela- 
tively rigid. 

A corollary of the fatigue hypothesis is that un- 
broken hairpins recovered from the bridge should 
already be in a badly damaged condition and should 
break after a very low number of additional stress- 
ings, as compared with hairpins made in the labora- 
tory from straight wire. Perhaps the wide scatter of 
points in the S-N curve at top of the figure on page 
66 may be so interpreted, although Mr. Swanger tells 
me that he has found no consistent differences in test 
results ascribable to prior use on the bridge. 


Broken Wire on Straight Cable 


As to Question (b), it is believed that the Bu- 
reau’s investigators have paid too little attention to 
the breaks found along the cable, away from the 
anchorage. They say of the Mt. Hope bridge: “Ap- 
proximately 20 were found under the saddle clamps 
at the cable bents. None were found at the main 
tower saddles. Eleven were found under cable bands 
in the side and main spans. Most of these breaks 


were at the outside of the cables and were believed to 
have occurred at points of localized stress where the 
saddle covers or bands had pinched the wire and 
probably were not very significant.” 

(One might well pause here to say —~— after the 
event that one unexplained break is significant, | 
quote trom Metal Progress, Sept. 1932: “During the 
development work on this wire, some 40-ft. lengths 
were hung over curved blocks on an idle crane girder 
and a platform on the lower ends loaded with pij- 
lets, one or two added each day. Unexpected failures 
at the blocks and at low loads and deficient ductility 
resulted.” ) 

Conditions were somewhat different at the De- 
troit-Windsor bridge made of the same wire. Engi- 
neering News-Record, Oct. 10, 1929, says: “Numerous 
breaks were subsequently discovered under the cable 
bands in the main strand at Detroit... . The principal 
difficulty in dismantling the main strand was oe- 
casioned by broken wires found at the suspender 
points; these wires became loose and entangled and 
others in one strand were so tightly squeezed to an- 
other strand that they had to be burned separately.” 

The creeping stress theory explained these 
breaks in rather sharply curved wires near the sur- 
face, where the cable is squeezed tighter by the bands, 
and the slowly rising stresses of subsequent bridgs 
erection. If fluctuating tension in bent wires is re- 
sponsible, the action cannot commence until the 
wires actually are bent (that is, until the clamps are 
tightened up), and consequently the damage started 
much later than at the anchorages and fatigue failure 
occurred in a comparatively short time in stiff, com- 
pacted cable — all of which seems rather unlikely 

The last question concerns the concentration of 
so many breaks in one strand of a cable. It is yet 
to be explained. The record of broken wires found 
on dismantling the Mt. Hope bridge is given in the 
table on page 61. The present writer is guilty ol 
guessing that this was due to the presence of wire 
from two bad heats of steel. This is sufficiently re- 
futed by the fact that 140 breaks were found in 
Strand 1 at the Bristol end, whereas the same wire at 
the Portsmouth end developed only four breaks. It 
any further evidence is needed, the erectors’ records 
show that wire from not two but 21 heats found its 
way into these two strands! The guess was par- 
ticularly unpardonable when a_ little elementary 
mechanics and algebra would have indicated sig- 

(Continued on page S86) 
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Sketch of Seven Elastic Elements at Anchorage, Mt. Hope Bridge 


Vetal Progress: Page 84 


Zsets of J-bars , F58g.in. 
BOft. jong 


af i 
3 
4° 
a 
4 
caf 
A 
ty 
Ke 
j 
Pe 
“4 
IN 
4 
i 


BOLT WIRE 
CHAIN WIRE 
COAT & HAT HOOK WIRE 
COLD HEADING WIRE 
HINGE WIRE 
MACHINE SCREW WIRE 
PAIL BAIL WIRE 
RIM WIRE 
RIVET WIRE 
SCREW STOCK WIRE 
SPOKE WIRE 
SPRING WIRE 
WOOD SCREW WIRE 


and seventeen 
other grades. 


UNIFORMITY 


A shop-test of YOUNGSTOWN Manufacturers Wire 
will quickly prove its accurate adherence to specified 
diameter and quality of surface. At the same time 
you will find that Youngstown Wire gives you that 
consistent uniformity of working qualities so neces- 
sary to smoothly-operating production schedules. 
Bright wire can be furnished in all sizes from 18-gauge 
to 5/3” in diameter; galvanized from 18-gauge to 5/16"; 
coppered from 18-gauge to */s". 


THE YOUNGSTOWN SHEET 
AND TUBE COMPANY 


Manufacturers of Carbon and Alloy Steels 
GENERAL OFFICES: YOUNGSTOWN, OHIO 


625 


<g 
Plates TuBuLAR PRODUCTS CONDUIT - TIN PLATE + BARS RODS + WIRE + NAILS UNIONS + TIE PLATES AND SPIKES 
<i 


CRUCIBLE STEEL COMPANY 


ALIQUIPPA, PA. 


% Ironing Ma- 
chine Part 

Vy” Cold Drawn 
Sheet — Formed to 
S Cross Section 28” 
Long, 8” Wide . 


Carburize and 
Harden 
STRAIGHT! 


Holden Hard Case 
is Doing It! 


For Bluing, Blacking, Anneal- 
ing, Hardening. Case-harden- 
ing, Re-heating and Spheroid- 
izing. Carbon Steels, Stain- 
less Steels, High Speed Steels. 
The entire range of heat treat- 
ing requirements. 
temperatures from 275 °F. 
2500 °F Shipped in eat 
drums of 100 or 250 Ibs. ca- 
pacity. 

REPRESENTATIVES 


Mr. R. C. Jordan, 18th and 
Indiana Ave., Philadelphia, 
Penn. 

Mr. C. M. Vincent, 1627 West 
Fort Street, Detroit, Mich. 

Mr. John D. Waite, 456 Pop- 
lar Avenue, Elmhurst, Ill. 

Mr. John H. Johnson, Birch- 
wood Ave, Holbrook, 
Mass. 

Mr. F.C. Holmgren, 137 War- 
wick Ave., Stratford, Conn. 

Mr. T. N. Holden,1219 Gien- 
wood Rd., Brooklyn, N. Y. 

Mr. A. F. Blackwood, 1360 
W. Clifton, Cleveland, O. 

Mr. Frank Coupal, 51 Wood. 
ward Ave., Buffalo, N. Y. 


A.F. HOLDEN CO. 


METALLURGICAL ENGINEERS 


NEW HAVEN 


* CONN. 
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(Discussion begins on page 67) 
nificant changes in the unit load in the unbrok, 
wires in a badly damaged strand. 

A well-compacted cable is a unit. For instane 
it is almost impossible to pull out individual wipe. 
Whose ends protruded without breaking the wi 
from a 10-ft. length of cable made up for test pu; 
poses. There is some evidence that the cable at \y 
Hope was not as closely compacted as it might ha 
been, but nevertheless alter compacting, the frictions 
resistance of wire to wire is so great that for pri 
liminary computation one can treat a compacted 
cable as a unit. 

Now suppose that such a compacted cabk 
made up of seven rods and that each rod is properh 
anchored to an unyielding foundation. The tots 
load on the cable may equal P, and the load on eac! 
rod at each end of such a cable is P=—7. Now if on 
of these rods breaks at one end, the total load 
transterred to six remaining rods and the load pe 
6 at the end having one broken rod, 

7 at the other end. That is to say, th 


rod is 7P 
it is still P 
unit load increases on the wires at an anchorag 
where there are broken ones, but the stress cond 
tions at the undamaged end of the cable are not 
fluenced by changes at the other end, short of enti 
collapse of the bridge. It follows, therefore, that 
bundle of wires such as Strand No. 3 can be thre 
quarters broken at the Portsmouth end without 
quiring anything to happen at the Bristol end 

At the Detroit bridge the pit enclosing the e) 
bars and foundation girders had been filled wit! 
concrete up to the first pin. The elastic section then 
consisted of about 21 ft. of eve bar, conerete to sho 
and 30 ft. of wire, shoe to splay casting. At the MI 
Hope bridge each of the strands was anchored to 
12x 1%, in. eve bars, 80 ft. long. They were to ha 
been concreted in for 60 ft. of this length, but in ce 
scribing the installation of hold-backs prior to dis 
mantling the bridge, Engineering News-Record, (' 
10, 1929, says, “Fortunately these eye bars had 


been concreted in.” The subsequent analysis W! 


show whether this was “fortunate” or not; tl als 
may give some clue as to why there was bo und! 
concentrations of breaks in individual strands 
the Detroit bridge. 

General conditions therefore are as sket 
the bottom of page 84. 

Prior to the time when any trouble occurred t 
loading on each of these seven units was appro’! 
mately uniform, and the elastic extension of each unt! 
the same. On the basis of a modulus of 20400,00" 
all strands extended 0.261 in. in the 20 ft. betwe , 
}.) 


e St 


il 


compacted position and shoe and the eye bars 
sq. in. in cross section) extended 0.245 in. In 


t. back to foundation. (Continued on p 
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ALUMINUM 


for 


LIGHTNESS ¢ ECONOMY 
EASE OF FABRICATION 


| VIRGIN INGOTS 
SHEETS @ BARS © SECTIONS 


as produced by 
THE BRITISH ALUMINIUM CO., Ltd. 
| a 
Sinported by 
ARTHUR SELIGMAN & CO. 


INC. 
R.C. A. Building 30 Rockefeller Plaza 
NEW YORK 


IT’S SMART... 


to Buy the Best Tool Steel 


A penny saved is a penny earned, but 
a penny saved on a pound of tool steel 
often means money thrown away... . 
For it is not always economical to make 
tools of ordinary tool steel. In the first 
place, your toolmaker may spend ex- 
pensive hours on a tool, only to find a 
flaw in the steel, his time wasted. ... Then 
again the tool may not stand up in service 
—may not resist the brutal treatment of 
the production line. ... Play safe and save | 
by buying the best tool steel available. 


Wa. JESSOP & SONS | 


1774 INCORPORATED 1936 


BOSTON 
163 High Street 


TORONTO 


59 Frederick Street | 


NEW YORK 
121 Varick Street 


CHICA GO 
Monroe & Jefferson Sts. 
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(Discussion begins on page 67) 

Under these conditions the entire cable is carr, 
ing 2,368,000 Ib. tension, each strand and mating ey, 
bars 337,300 Ib.. each wire 962.9 Ib.. and each loop 
1925 Ih. 

It is now required to find out what redistributio, 
of stress will oecur when a number of wires brea! 
in a single strand. Assume conditions in the eay 
cable, Bristol anchorage, when 20 out of the 175 loops 
in strand No. 1 had broken, the whole cable being 
loaded at 32,000 psi. 
the load there are now 2410, one broken loop puttin 


Instead of 2450 wires carrying 
two wires out of commission (both legs of th 
hairpin). 

It the load on each wire in the six undamaged 
strands is M and the load on each wire in the dam- 
aged strand is N, then 

2100 M 310 


Also the load on each set of eve bars for each un- 


32,000 psi. 74 sq. in 
damaged strand is 350 M and the set holding bach 
the damaged strand is 310 M. 

We can write an expression for the total elonga 
tion in the undamaged strand and its set of eve bars 
under the above loading, and this must equal th 
elongation in the damaged strand and its eve bars 
since we have postulated no slippage in the con 
pacted cable and no yielding in’ the foundation 
This gives the second equation: 


M 20 «12 SoU M 80 12 
0.03 29,400,000 45 29,400,000 
N x 20 « 12 310N «80s 12 


0.03 29,400,000 45 © 29,400,000 


Solving this simultaneously with the first equatto 
given we have: 

M 975.2 Ib. equal to a stress of 32,400 psi 

N— 1082.2 Ib. equal to a stress of 34,300 psi 
In other words, fracture of 20 loops has increases 
the load on the wires in the undamaged strands on!) 
1.o°,, but due to the elastic contraction of the larg: 
eve bars, the remaining wires in the damaged stran 
had their load jumped up 7.2%. 

Conditions were much worse on Feb. 22, 1!" 
the first day when a careful search was made, 3! 
65 broken wires were discovered in strand No. | | 
the east cable at the Bristol anchorage. Using ty 
above method of computation, the wires in the prs 
tically intact strands were stressed to 33,100) ps 
(an increase of 2.9% over a completely sound brics 
but the remaining sound wires in the failing str 
carried 40400 psi, an increase of 26° 

It is a matter of record that on the very mn 
“three-quarters of the wires were broken in tha! 


(Continued on page 90 


Vetal Progress: Page 88 


3 
| 
ib 
Pests 
1 
ba 
ict Moet 
Tet 
me 
4 
+. 
} 
if 
| 
Tye 
at 
} 
{4 
i 
1 


Th 


ment 


turnace 


s recent installation of modern, efhcient gas-fired equip- 


an oven furnace (left) and a controlled atmosphere 
(right)}—means profits for its user. The up-to-date 


emperature control mechanism installed between the two 
turnaces uniformly maintains the desired temperatures, helping 


tO aSse 


re uniform quality of work. 


The many advantages of gas fuel in the metal 
working industry are important advantages. . . 
important because they give definite values. For 
example, fewer rejections, lower overall costs, 
increased production, accurate temperature con- 
trol—each means a value to you because it con- 
tributes to your profits. 

These values are possible because research and 
development have brought forth efficient equi 
ment that has reduced Gas costs, and ea 
possible many new heating operations and better 
quality than ever before. 


INDUSTRIAL GAS SECTION 


AMERICAN GAS ASSOCIATION 


420 LEXINGTON AVENUE—NEW YORK CITY 


fugust. 1936: 


Many manufacturers, some of whom have 
always used gas, report such results as these: 
“Paid for itself in a few months,” “Improved 
quality and saves 40% of fuel costs,” .. . “Saves 
labor and floor space,” “Shorter heating time, 
Control more accurate,” ... “Saves 60% of pro- 
duction costs.” 

Such results as these mean values to users— 
values made possible by the many important 
advantages of modern gas utilization. These values 
mean profits to you. 


Page 89 


' 
YOU GET MANY VALUES WITH GAS FUEL F 
Values that mean Profits 
— %, OF 
THE TREND THE MODERN . 


BUSTER is a tungsten- 


chromium alloy punch 
and chisel steel. 


It gives remarkable 
service in hand and pneu- 
matic chisels, forming 
tools and shear blades. 


COLUMBIA TOOL STEEL COMPANY 


i MAIN OFFICE ANO WORKS = 
500 E. 14TH STREET. CHICAGO HEIGHTS. ILLINOIS 


DUSTING LOSS 


The wear-resistant properties of the 
heavy carbon shell and the sealing 
of the energizing material within the 
particle combine to give CHAR 
CARBURIZING COM. 


CHAR. PRODUCTS COMPANY 


MERCHANTS BANK BUILDING INDIANAPOLIS 


BRIDGE WIRE 


(Discussion begins on page 67) 

ticular strand,” and haste was made to lighten th, 
stresses by hold-back clamps and taking all mova} 
olf the bridge. Taking the final conditions as found 
in the east cable of the Bristol anchorage (140 brokey 
wires in Strand No. 1, the rest practically undam- 
aged) the stresses were: In wires in undamaged 
Strands 39,400 psi., an increase of 10.6% ; in wires ip 
Strand No. 1, 57,800 psi., an increase of 84° 

If, as above indicated, the concentration of 
breaks in definite strands was merely accidental, and 
would occur in the first strand which happened to 
develop a few breaks early in the history of failure. 
there might be some evidence of slippage in th 
broken ends back into the compacted cable, wher 
the tendeney toward elastic contraction on relief of 
load would overcome the friction, wire to wir 
Engineering News-Record has such a record of move- 
ments of a paint streak just ahead of the splay cast 
ings. Maximum slippage in Strand 3 at Portsmouth 
anchorage was 3's in. which progressed from 10 
breaks on Feb. 27 to 129 on Mar. 9, and in the No. ! 
strand at Bristol anchorage discussed above it was 
I', in. This article says “It is probable that by th: 
time the line was painted considerable wire slippage 
had already occurred on the bad strand at the Brist 
east anchorage. The data are merely indicative ot 
the movements of 25 or 30 wires on the outside cir- 
cumference.” The record also shows a recovery o! 
some of this slip when hairpins of new cold-drawn 
wire were spliced on the broken ends. 

This rather brief review of some pertinent tacts 
in this historic bridge failure indicates that, despit 
the enormous amount of careful and well-planned 
work done at the Bureau of Standards, a completely 
satisfactory explanation of the difficulty is not vet 
forthcoming. As before mentioned, the ability to ce 
velop fractures in the laboratory that look like th 
broken wire-ends from the bridge anchorages and «a! 
a combination of high bending and low tension loads 
indicates that we are close to the correct solution. I! 
does not appear to be, however, the complete solu- 
tion. In a number of instances, other factors als 
had major influence. What these factors are are still 
hypothetical. One may be heavy lateral constrain! 
against movement at the surface. Another probably 
is a Slowly creeping tensile stress. 

Vulnerable though the bent heat treated wire has 
proven to be to fluctuating load with unchanged 
erage intensity, it may be even more vulnerable when 
the average intensity is gradually rising. A series 
“step-up fatigue tests” would determine this por 

Lastly, the surface condition of the heat treated 
wire was shocking. This refers not to the minor pts 
and scratches but to the deeper cracks which | 
fested the wire and caused one out of every seven te 

(Continued on page 92) 
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ONE MINUTE, PLEASE! 


It takes no longer than that to find the 
exact physical properties of any of the 
popular steels with this amazing new ref- 
erence book. The author, Charles Newman 
Dawe, uses a unique new method to pre- 
sent complete, accurate physical property 
data in this compact, illustrated ‘Steel 
Atlas.” 


If you work with steel you know how 
physical property data is scattered through 
the four corners of the metal industry—in 
manufacturers’ literature and in books. 
You, yourself, have probably spent a good 
many hours in a search for this type of in- 
formation. 


Now for the first time, this data is con- 
centrated in one authoritative book. Thirty- 
five attractive graphs, many of them in 
three colors, are used in a new and effi- 
cient fashion to present the accurate, de- 
tailed data on the popular steels. Now you 


can get physical property information at a 
glance—and get it right. 


The “Steel Atlas” is an authoritative ref- 
erence to the physical properties of popular 
steels and steel castings, as affected by car- 
bon content, alloy content, heat treatment, 
tempering treatments and other influencing 
factors. 


For the first time, engineers, designers, 
metallurgists, chemists and others engaged 
in the use of steels can have in one com- 
pact reference the physical properties of 
S.A.E. steels, cast steels, plates, rounds and 
18-8 stainless steels and several of the new 
high tensile strength steels. 


Use the convenient order form below to 
send for the “Steel Atlas” today. 


90 pages, 8'2 by 11, very heavy paper, 
blue cloth binding, $2.50. 


published by 


AMERICAN SOCIETY FOR METALS 


7016 Euclid Ave., Cleveland, Ohio 


=== The “Steel Atlas’’ Will Save Hours of Your Time — Order a Copy Today = = = 


American Society for Metals 
7016 Euclid Ave., Cleveland, O. 


Please send me one copy of the new “Steel Atlas.” The idea of presenting physical property data in 
compact, chart form is a good one. It should save a lot of time. Check or money order in the amount of 


$2.50 is enclosed to cover cost of this book. 
Name 
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id name in the 
Hall of Fame 


can now be superseded by chiseling 


Carving your 


your name into ill repute. 


Are-Welding Electredes 


for welding all corrosion and heat resist- 
ing products. Send for data book. 


7300 UNION AVENUE-CLEVELAND 


TURNED SMALL 


DRAWN 
ROUNDS 


POLISHED> 


Often the success of a ma- 
chine depends on a shaft— 
the precision and stamina of 
Cold Finished Steel Shaft- 
ing, so as to run true under 
heavy strains. B& L Shaft- 
ing and Small Rounds pro- 
vide the accuracy and uni- 
formity for long service and 
economical operation. 


. 
Cold Drawn Bars « Shafting 
Ultra-Cut Steel + Alloy Steels 


BLISS & 
LAUGHLIN, INC. 


HARVEY.ILL, Salis Offices in all Prinscepal Gtice BUFFALO, N.Y. 


BRIDGE 


(Discussion begins on page 67) 
ten tensile specimens to break with practically po 
reduction of area. Even though Messrs. Swange; 
and Wohlgemuth cannot find that these cracks af. 
fect the endurance of the wire more than the mino, 
impertections present everywhere, they were yp. 
doubtedly responsible for a large proportion of the 
rejects at the mill, and this would have been more 
ruinous if retests had not been allowed 17% of 
this wire was rejected, as compared with 1.50 pe. 

jects of cold drawn wire shipped from the same mil 

to the Delaware River Bridge! ) 

Spring makers find similar cracks in the surface 
of heat treated springs after electroplating —— possibly 
it is a characteristic action of the cleaning acid on 
the surface of any heat treated wire, no matter how 
well made. However the prevalence of such cracks 
as shown in the figure on page 62 is possibly suf- 
ficient to place one of these major surface defects 
within the region of stress concentration for prac- 
tically all of the breaks that actually occurred on 
the bridge, and possibly was the immediate cause ot! 
the entire trouble. 

Now what metallurgists and designers would 
like to know, even though bridge engineers wil! wise- 
lv stick to cold drawn wire, is whether heat treated 
wire with really good surface, either bare or rust 
proofed without surface damage, would be immune 
to the troubles that plagued the Mt. Hope bridge? In 
other words, were the failures due to the essential 
nature of the microstructure (relatively stiff and un- 
vielding) or is this characteristic harmless unless 
the metal has gross surface imperfections? 

Even though some questions remain unan- 
swered, the researches so far have clear lessons that 
point to certain desirable changes in the design of 
large suspension bridges. The relatively small mar- 
gin of safety of cold drawn wire (accepting all the 
implications of the endurance diagram on page 66 
indicates that both bending and fluctuating stresses 
should be minimized as much as possible. This will 
involve three things: 

(1) Anchor shoes should have as large a radius 

as possible. 

(2) Stiff “keepers,” carefully machined lo cor- 

rect line and curvature, should enclose all 

strands from within the splay casting to and 
around each anchor shoe. 

(3) Eye bars should be concreted into the foun- 
dation as far up toward the anchor shoe as 
practicable. 

Lastly, the practice of allowing a retest should 
be closely scrutinized. A plausible argument might 
be made for one when the original test fails to mee! 
the specified values by a small margin once in a hut 
dred times. But nothing can be said of a practice 
which permits the acceptance of material which 
shows deficient ductility in 10% of the tensile tests 
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